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PREFACE. 



During the publication of the eighth edition of the " En- 
cyclopedia Britannica," I was suddenly called upon to write 
an article on the Iron Manufacture ; and it was intimated 
that the publication was so far advanced that I could not 
be allowed more than a few weeks for the purpose. Thus 
placed, with other professional engagements to attend 
to, I had not only to work early and late, but I had to 
hurry through the work, in order to prevent delay and 
disappointment in the appearance of the volume. It 
was under these conditions the article was written, 
and they must be my apology for the imperfections it 
oontained. 

The Publishers, aware of these circumstances, have 
very handsomely come forward with art offer to print the 
article in a more complete statej and in a separate 
volume ; and, having made considerable additions, I 
again submit it in a form which, I trust, may be more 
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useful tkan when it appeared in the publication in 
qnestion. 

A very slight acquaintance with natural science will 
exhibit the wisdom of a bountifal Creator in the wide 
diffusion and abundant supply of iron and coal, two of 
the greatest boons conferred upon the human race. If 
we refer to the history of the past, and trace the change 
from barbarism to a state of intellectual culture, we see 
at every step the contrivances and appliances of the 
" cunning workers in iron." These have always been 
the associates of mental progress, and the providers for 
the wants and necessities of our social existence. 

In this treatise I have endeavoured, in a concise 
history, to trace tho progress of the iron manufacture 
from its earliest beginnings down to the present time, 
and the various improvements which have been effected 
in the reduction of the ores, and the subsequent manipu- 
lation of the crude iron. I have also given analyses of 
tho ores and fuel, so far as they bear on the results of the 
different processes of manufacture; this will show the 
reader how much we owe to chemical science, and to 
tho distinguished men who have laboured so industriously 
and successfully in this important field of research. 

The description of the furnaces, machinery, &c, em- 
ployed in the production of iron, I have, from my own 
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experience, been enabled to trace from its almost primi- 
tive condition to its present high state of improvement. 
There is still much to be done ; and now that the subject 
of reduction, conversion, rolling, forging, &c, are so well 
understood, wo may reasonably look forward to much 
groator improvements, combined probably with more 
extended chemical researches, calculated to establish a 
new era in the history of the manufacture of iron and 
steel. 

In connection with the history of iron and its manu- 
facture, I might have treated on a question of equal 
importance, namely, Iron Appliances ; but this is a sub- 
ject of such magnitude as to require a distinct treatise. 
I have already partially treated of it in other publica- 
tions, and any notice in this place could only disappoint 
the reader by its incompleteness. 

On the subject of statistics, I am fortunate in having 
before me the returns of Mr Robert Hunt, F.E.S., of the 
School of Mines, published in the " Memoirs of the Geo- 
logical Survey of Great Britain." To Mr Bessemer I owe 
the very complete and interesting details of tho process he 
has introduced, along with accurate drawings of the best 
forms of apparatus, embodying the results of his laborious 
and important investigations down to the most recent 
date. To Mr Mushet, Mr Frith, and Mr Clay, I am also 
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indebted for information regarding the most recent im- 
provements and discoveries effected in different pro-, 
cesses, and to my own secretary, Mr TTnwin, for the able 
assistance I always receive from him in the oxecntion 
and progress of researches in practical science. 
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INTRODUCTION. 



Iron, on account of its abundance, working qualities, 
and tenacity, is probably the most useful and valuable of 
metals. According to Dr TJre, " it ia capable of being 
east into moulds of any form, of being drawn into wire 
of any desired lengtb or fineness, of being extended into 
plates or sheets, of being bent in every direction, of being 
sharpened, or hardened, or softened at pleasure. Iron 
accommodates itself to all our wants and desires, and 
even to our caprices ; it is equally serviceable to the arts, 
the sciences, to agriculture, and war ; the same ore fur- 
nishes the sword, the ploughshare, the scythe, the pran- 
ing-hook, the needle, the graver, the spring of a watch 
or of a carriage, the chisel, the chain, the anchor, the 
compass, the cannon, and the bomb. It is a medicine of 
much virtue, and the only metal friendly to the human 
frame." In its primitive position, it is commingled with 
the earth's strata in bountiful profusion ; it is found in 
various combinations and conditions in every formation, 
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and it is a constituent element of both animals and 
vegetables. 

In treating of the manufacture, properties, and pro- 
duction of this most important material, it will conduce 
to perspicuity to arrange the subject under twelve distinct 
heads, viz.— I. The History ; II. The Ores ; III. The 
Fuel; IV. Smelting by the Hot and Cold Blast; V. 
Manufacture of Wrought-Iron ; VI. The Mechanical 
Operations of the Cast-Iron Manufacture ; VII. The 
Forge; VIII. Mr Besseuier's Process; IX. The Manu- 
facture of Steel ; X. The Mechanical Properties of Cast 
and Wrought Iron and Steel ; XI. The Chemical Con- 
stituents of Iron in its Manufactured States ; XII. Sta- 
tistics of the Iron Trade. 
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CHAPTER I. 



THE HISTORY OP THE IKON MANUFACTURE. 

Malleable iron appears to have been known from a re- 
mote antiquity. Its obvious utility and great superiority 
over the softer metals, then commonly used, combined 
with the expense of its reduction, caused it to be highly 
prized, though the extreme difficulty of working it by 
the rude methods then employed greatly restricted its 
application.* There arc notices in Homer and Hosiod of 
the arts of reducing and forging iron, but cast-iron was 
then unknown, an imperfectly malleable iron being pro- 
duced at once from the ores in the furnace. It is probable 
that the Greeks obtained most of their iron through the 
Phoenicians from the shores of the Black Sea and from 
Laconia. 

It would be interesting to trace the gradual advances 
which have been mado in the reduction of iron from its 
discovery to the present time ; to inquire into the circum- 
stances which led to the successive changes in the pro- 
cesses, and into the principle on which those changes 
were founded; to examine into the differences in the 
products which from time to time ensued, and to notice 

• This ia shown by tho cpithot mxixwi (much-wrought) , applied to it 
by Homor {Iliad, vi. 48). 
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the influence of these conditions on the extent and 
progress of the manufacture. Our knowledge of these 
changes, however, is scanty and imperfect, and we can 
only conjecture what was prohably its early progress. 

The furnaces which were first employed for smelting 
iron were probably similar to those now called air- 
bloomeries. They were probably simple conical struc- 
tures, with small openings below for the admission of air, 
and a large one above for the escape of the products of 
combustion, and would be erected on high grounds in 
order that the wind might assist combustion. The fire 
being kindled, successive layers of ore and charcoal would 
be placed in it, and the heat regulated by opening or 
closing the apertures below. 

The process of reduction would consist of the deoxida- 
tiou of the ore and the cementation of the metal by long 
continued heat. The temperature would never riso suffi- 
ciently high to fuse the ore, and the product would there- 
fore he an imperfectly malleable iron, mixed with scoriae 
and unreduced oxide. It would then be brought under 
the hammer, and fashioned into a rude bloom, during 
which process it would be freed from tho greater portion 
of its earthy impurities. 

By such a process as this the llomans probably worked 
the iron ores of our own island ; scoria;, tho refuse of 
ancient bloomeries, occur in various localities, in some 
cases identified with that people by the coincident remains 
of altars dedicated to tho god who presided over iron. 
Mungo Park saw a rude furnace of this kind used by the 
Africans, and, indeed, with some modifications, it is still 
retained in Spain, along the coasts of the Mediterranean, 
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and in some parts of Americaj where rich specular or 
magnetic ores are worked. 

The advantages of an artificial blast would soon become 
manifest, and a pair of bellows, or a cylinder and piston, 
would soon be applied to the simple construction men- 
tioned above. Homer represents Hephfestus as throwing 
the materials from which the shield of Achilles was to 
bo forged into a furnace uTged by twenty pairs of bellows 
{tpZeui). The inhabitants of Madagascar smelt iron in 
much the same way, their blowing apparatus, however, 
consisting of hollow trunks of trees, with loosely fitting 
pistons worked by hand. 

The furnace corresponds to the ftfasi-bloomery, and hns 
by successive improvements developed into the blast fur- 
nace, now almost universally used, and into the Catalan 
forge, still employed in some districts. The application 
of the blast would offer considerable advantages ; it would 
obviate the necessity of an elevated site, place tho tem- 
perature more immediately under the direction of the 
smelter, and render the whole process more regular and 
certain. Tho method of reduction remained the same as 
before, but tho product would differ considerably, for when- 
ever tho blast was sufficiently powerful, the iron would 
be fused, a partial carburation would take place, and the 
resulting metal would be a species of steel, utterly useless 
to the workmen of those days ; hence, it seems necessary 
to infer, that a rude process of refining was invented: the 
metal being again heated with charcoal, and the blast 
directed over its surface, the carbon would be burnt 
out, and the iron become tough and malleable. The 
processes might perhaps form two successive stages of 
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one operation, as at present practised with the Catalan 
forge. 

The increasing demand for iron, and the progress of 
internal communication, would lead the smelter to in- 
crease the size and height of his bloomery, and this pro- 
bably would lead to a very unexpected result. The 
greater length through which the ore had to descend 
would prolong its contact with the charcoal, and a higher 
state of carburation would ensue, the product being cast- 
iron — a compound till then perhaps unknown. 

From the time that cast-iron became tho product of the 
smelting furnace, the refining would bo made a separate 
process, requiring a separate furnace and machinery. It 
would soon be found also, that, as tho furnaco increased 
in height, the pressure of the superincumbent mass would 
render the materials so dense as to retard tho ascent of 
the blast, and thus cause it to become soft and inefficient; 
hence the internal buttresses called boshes were first in- 
troduced to support the weight of tho charge, relieving 
the central parts from tho pressure, and permitting the 
free ascent of tho blast. Whilst the good quality of the 
iron and tho regularity of the process were thus ensured, 
increase of quantity was the result of improvements in 
the blowing apparatus, which was now enlarged and 
worked by water-power. With these modifications, the 
furnace was the same essentially as the blast-furnace now 
employed, though not so large ; indeed, until the intro- 
duction of coke at a much later period, the blast-furnace 
seldom exceeded 15 feet iu height by 6 at tho widest 
diameter. The more perfect operation of tho blast-fur- 
nace allowed the reduction of the heaps of scorice, which 
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had been gradually accumulating during the period that 
the blast-bloomeries had been in operation, and which 
contained 30 to 40 per cent, of iron. A new species of 
property was thus created — extensive proprietorships of 
Danish and Roman cinders were formed. Large deposits 
of scoria?, which for ages had lain concealed beneath forests 
of decayed oak, were dug up ; and in Dean Forest it is 
computed that twenty furnaces, for a period of upwards of 
300 years, were supplied chiefly with the bloomery cinders 
as a substitute for iron ore. 

At what period the complete transformation of the 
blast-bloomery into the blast-furnace was effected, it is im- 
possible to say. It was probably in the early part of the 
sixteenth century, as we find that in the seventeenth the 
art of casting had arrived at a considerable degree of per- 
fection, and in tho reign of Elizabeth thero was a consider- 
able export trade of cast-iron ordnance to the Continent. 
In the forest of Dean arc the remains of two blastfurnaces 
which formerly belonged to the kings of England ; but 
they have been out of blast since tho commencement 
of the struggle between Charles I. and his Parliament, 
Calculating from the quantity of scoria) accumulated in 
their immediate neighbourhood, which appears to have 
lain undisturbed for tho last two centuries, Mr Mushet 
has attempted to deduce the period of their erection, 
which he conceives to have been about the year 1550, in 
the timo of Edward VI. 

Dp to this period wood charcoal was the only material 
employed in smelting operations ; but the wants of a con- 
stantly increasing population, not less than the great 
consumption of the blast-furnaces themselves, created a 



IKON MAStTI-'ACTPilE. 



scarcity of this essential material, and gave a check to 
the manufacture. To such an extent had the wood been 
destroyed, that tho cutting down of timber for the use 
of the iron-works was prohibited by special enactments; 
and the forests of Sussex alone appear to have been 
exempt from the general decreo of conservation. The 
number of furnaces in blast decreased three-fourths, and 
tho annaal production, which but a short time boforo is 
said to have been 180,000 tons, was in 1740 reduced to 
only 17,350 tons. 

James I. granted patents to ironmasters in various 
parts of the kingdom for using pit-coal in the manufac- 
ture of iron. Tho obstacles to its introduction, however, 
wore numerous, and not easily overcome. Lord Dudley 
appears to have been the first successful patentee con- 
nected with tho iron manufacture; and his patent, ob- 
tained in 1621, related to " the misterio and arte of 
melting iron ewre, and of making the same into cast 
workes or barrs, with sea coles or pit coles in furnaces, 
with bellowes." Lord Dudley was only able to make iron 
at the rate of three tons a week ; but so important did hisr 
patent appear, that it was specially exempted from the 
operation of James I.'a statute abolishing the grants of 
monopolies. The comparatively incombustible nature of 
coke, and 'its feebler chemical affinities, rendered a more 
powerful blast and a longer subjection to the heat indis- 
pensable to its succcessful adoption. Ignorance of the 
causes of failure operated long and seriously, hut all diffi- 
culties were at length surmounted. An enlargement of 
the height of the furnace prolonged tho contact of the ore 
and coke, and at last tho employment of tho steam-engine 
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PUDDLING AND ROLLING. 9 

and improved blowing apparatus rendered the blast much 
more powerful and Tegular, and gave that impetus to the 
manufacture which hag caused Great Britain to take the 
first rank in this branch of industry. 

The first great improvement on the blowing apparatus 
was the substitution of large cylinders, with closely fitting 
pistons, for the bellows. The earliest of any magnitude 
were probably those erected by Smeaton at the Carron 
Iron-Works, in 1760. 

In 1783-4, Mr Cort of Gosport introduced the pro- 
cesses of puddling anil rolling, two of the most important 
inventions connected with tho production of iron since 
the employment of the blast furnace. 

Mr Cort obtained two patents, the first in 1783, respect- 
ing " a peculiar method and. process of preparing, weld- 
ing, and working various sorts of iron, and of reducing 
the same into uses by machinery, and a furnaco and other 
apparatus adapted to the same purpose." In February 
1784 he obtained a second, comprising " shingling, weld- 
ing, and manufacturing iron and steel into bars, plates, 
rods, and otherwise, of purer quality, in larger quantities, 
by a more effectual application of fires and machinery, 
and with a greater yield, than any method before put in 
practice." His first patent comprises methods of faggot- 
ing bars for various kinds of uses, the hammer and anvil 
being employed, and tho faggots brought to a welding 
heat in a balling furnace instead of one with a blast. By 
passing faggots through rollers, " all the earthy particles 
are pressed out," and tho iron compressed into a tough 
and fibrous state. Bars of bad quality may be improved 
by rolling, and several bars rolled together become per- 
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fectly united. He points out that iron plates may be 
made in the same manner. He shows how the shape and 
dimensions of the plates and liars may ho determined by 
collars and grooves in tho rollors. In this patent we see, 
therefore, ho has dovolopcd his system of faggoting and 
heating scraps and bars, and welding them into a mass, 
and compressing them into form by means of rollers and 
hammers. And the introduction of rollers in this pro- 
cess was a step in discovery we owe to him. There was 
still wanting a process for the production in this country 
in large quantities of the wrought iron itself. This he pro- 
vided in his second patent. Ho introduced a rcverbera- 
tory furnace heated by coal, and with a concave bottom 
into which tho fluid metal is run from the smelting fur- 
nace ; and ho showed bow by a process of puddling, while 
exposed to tho oxidising current of flame and air, the 
cast metal could he rendered malleable. lie describes in 
his patent the stirring of the metal till ebullition ceases, 
and its collection as it becomes less fusible into blooms, 
the hammering of these to get rid of the slag, and their 
reduction to a marketable shape by the processes described 
in his previous patent. It would be a difficult task to 
enumerate all the services rendered by Mr Cort to the 
iron industry of this country, or sufficiently to express 
our sympathy with the relatives and descendants of a 
man to whose mechanical inventions we owe so much of 
our national greatness. It is, perhaps, not generally 
known that Mr Henry Cort expended a fortune of up- 
wards of L.20,000 in perfecting his inventions for pud- 
dling iron, and rolling it into bars and plates; that he 
was robbed of the fruit of his discoveries by tho villany 
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of officials in a high department of the Government, 
and that he was ultimately left to starve hy the apathy 
and selfishness of an ungrateful country. When these 
facts are known, and it has heen ascertained that Mr 
Henry Cort's inventions have conferred an amount of 
wealth on the country equivalent to six hundred millions 
sterling, and have given employment to six hundred 
thousand of the working population of our land for the 
last three or four generations, we are surely justified in 
referring to services of such vast importance, and in ad- 
vocating the principle that such substantial proofs of the 
nation's gratitude should he afforded to rescue from penury 
and want the descendants of such a benefactor. 

Ahout this time the steam-engine of James Watt camo 
into use, and along with it commenced a new era in the 
history of the iron trade and every other branch of in- 
dustry. Its immense power, economy, and convenience 
of application, brought it at once into general use. It 
was soon applied to pumping, blowing, and rolling ; it 
enabled mines to be sunk to a greater depth ; refractory- 
ores to be reduced with facility ; and the processes of 
rolling, forging, &c, to be effected with a rapidity pre- 
viously unknown in this or any other country. 

Of late years, Scotland lias made considerable progress 
in the iron manufacture. The introduction of railway 
communication, and the invention of the hot-blast, have 
given a stimulus to the trade which has raised Glasgow 
and its vicinity into importance as an iron district ; and 
few towns possess greater facilities for the sale of their 
produce than this central depot of the mineral treasures 
of the country by which it is surrounded. 
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The hot-blast process, for which a patent was taken 
out by Mr Neilson in 1824, has effected an entire revo- 
lution in the iron industry of Great Britain, and forms 
the last era in the history of this material. His patent 
consists in the improved application of air to produce 
heat in forges and furnaces where bellows or other blow- 
ing apparatus are required. The blast produced in the 
ordinary way is heated iu a closed air-vessel, before being 
conducted into the furuace, to a considerable temperature. 
The air-vessel was heated by a fire distinct from that to 
which the blast was applied. The manner, however, of 
heating the air-vessel is immaterial to the effect if it be 
kept at a proper temperature. This simple hut effective 
invention has given such facilities for the reduction of 
refractory ores, that between three and four times the 
quantity of iron can ho produced weekly, with an expen- 
diture of little moro than one-third of the fuel ; and, 
moreover, the coal does not in most cases require to he 
coked, or the ores to bo calcined. 

The more important of the changes of the iron manu- 
facture since Neilson's time have been, to sum them up 
very briefly, the direct production of wrought iron from 
rich ores in a rovcrberatory furnace accomplished by Mr 
Clay in 1840 ; the use of oxide of manganese in the pro- 
duction of steel, attempted by Reynolds in 1799, and by 
many others since, including Heath and "VickeTs in 1839, 
Schafhautl in 1835, Mr Leachman in 1853, Mr Brooman 
in 1854, Mr Crowley in 1855, and Mr Mushet in 1856 ; 
in most cases other materials, as chloride of sodium, fer- 
rocyanide of potassium, and carbonate of lime, in various 
proportions, being also employed. 
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The introduction of anthracite, stone coal, or culm, in 
smelting, is due chiefly to Mr Crane in 1836, and Mr 
liudd in 1842, a blast of high pressure being employed, 
heated to a high temperature. The application of peat 
lias also been attended with success, very good qualities 
of iron being produced with it on the Continent, and to a 
small extent in Ireland. Plans have also been introduced 
for the reduction, and for puddling iron, by the gaseous 
product of combustion alone, the ores not heing allowed 
to come in contact with the mineral constituents of the 
fuel. In the case of the processes of puddling and refin- 
ing, plans of this kind have for some time been in use in 
Silesia; and more recently Dr Gurlt has proposed the 
reduction of the metal in the same way. Mr Nasmyth 
made one of the most important additions to the ma- 
chinery of the iron trade by the invention of thesteam 
hammer in 1842 : this most powerful and ingenious tool 
has received of late many modifications in the hands of 
Mr Condie, Mr Maylor, Mr Wilson, and others. 

The utilisation of tho waste or gaseous products was 
attempted by 'league in 1832, and Meckenheim in 1842, 
and has been tho subject of many patents. Steam has 
been employed in puddling by Guest and Evans in 
1840, Nasmyth in 1854, Martien and Bessemer in 1855, 
and Talabot in 1857. Messrs Lea and Hunt would use 
tho products of the coke furnace as a source of heat in 
puddling, and Mr Mickle endeavoured to collect the gases 
and employ them in smelting. Captain Uchatius (1855) 
has successfully converted cast metal into steel by gra- 
nulating it in water, and decarbonising it by fusion with 
spathosc ore. Cyanogen has been used in the production 
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of steel by cementation by Mr Brooman and Mr Newton, 
and Mr Bessemer lias introduced an entirely new process 
for obtaining both wrought iron and steel by decarbonis- 
ing it in a fluid state, by passing through it copious 
currents of air and steam. Other manufacturers are pro- 
ducing a homogeneous and malleable steel in the form of 
plates and bars by a modification of the puddling process. 

In conclusion, wo may add that there appear to have 
been five distinct epochs in the history of the iron trade. 

The first dating from the employment of an artificial 
blast to accelerate combustion. 

The second marked by the employment of coke foT re- 
duction, about tho year 1750. 

The third dating from the introduction of the steam- 
engine ; and on account of the facilities which that inven- 
tion has given for raising the ores, pumping tho mines, 
supplying the furnace with a copious and regular blast, 
and moving tho powerful forge and rolling machinery, wo 
may safely attribute this eTa to the genius of James Watt. 

The fourth epoch is indicated by the introduction of 
tho system of puddling and rolling, very soon after the 
employment of the steam-engine. 

The fifth, and last — though not the least important 
epoch in the history of this manufacture — is marked by 
the application of the ho^blast — an invention which has 
increased the production of iron fourfold, and has enabled 
the ironmaster to smelt otherwise useless and unreducible 
ores ; it has abolished the processes of coking and roasting, 
and has given facilities for a large and rapid production, 
far beyond the most sanguine anticipations of its inventor. 
Manufacturers, taking advantage of so powerful an agent, 
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have not hesitated to reduce improper materials, such as 
cindeT-heaps and impure ores ; and by unduly hastening 
the process, and attending to quantity more than to 
quality, have produced an inferior description of iron, that 
has brought the invention into unmerited obloquy. 



CHAPTER LI. 



THE ORES. 

The ores of iron are found in profuse abundance in every 
latitude, embedded in or stratified with every formation. 
They occur both crystallized, massive, and arenaceous, 
lying deep in strata of vast extent, filling veins and faults 
in other rocks, and scattered over the surface of the 
ground. Sometimes, but rarely, found native; usually 
as oxides, sulphurcts, or carbonates, more or less mingled 
with other substances. Of these ores there are perhaps 
twenty varieties, many of which are, however, rare ; 
others are combined with substances which unfit them 
for the manufacture of iron, so that the remainder may 
be classed under the following general heads ; their com- 
position, bowover, varies greatly: — 

1. The magnetic oxides, in which the iron occurs, as 
Fe 3 0 4 or Fe 2 0 3 + Fe 0, containing 72-4 per cent, of iron to 
27'6 of oxygen, supposing it pure. This is the purest ore 
which is worked ; the best Swedish metal is manufactured 
from it. It is found in primitive rocks, and is widely 
diffused over the globe. The beds of ore at Arendal, 
Taberg, Kurunavara, &c, consist of this oxide in a massive 
state. 

2. Specular iron ore and red hematite, peroxide of 
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iron, Fe, 0 3 , containing 70 percent, of iron to 30 of oxygen, 
when pure. This is a rich and valuablo ore, and has boen 
worked from a remote antiquity in Elba and Spain ; it 
occurs in the caves of Etna and Vesuvius, as lustrous 
specular iron. Red haematite occurs in botyroidal radiat- 
ing masses in Cumberland, Saxony, Bohemia, and the 
Hartz, and in America abundantly. 

3, Brown haematite, or hydrated peroxide of iron, 
2 Fcj 0 3 + 3 HO. Brown haematite occurs massive, mam- 
millary, and stalactitic. Decomposed earthy varieties are 
known as ochrey brown iron ore. Brown and yellow 
clay ironstone is mingled oxide and clay. Bog ore is 
found in beds in Bohemia, Poland, and Russia, and usually 
contains phosphates. 

4, Carbonate of iron, or spathic iron ore, Fe 0, CO,. 
This ore occurs mixed with largo quantities of argilla- 
ceous, carbonaceous, and siliceous substances, forming the 
large deposits of spathic iron ore, clay-ironstone, and 
blaekbands, from which most of the iron of this country 
is obtained. These strata are generally found in close 
proximity to the Coal Measures. In Styria and Carintbia 
it forms extensive tracts in gneiss. Tho spathic ores, and 
also the siliceous ores, are comparatively puTe. The clay- 
ironstones, and still more the blackbands, are much 
poorer in iron. 

5, In addition to the above, wo may mention that native 
iron has been obtained in masses, usually of meteoric 
origin, in various parts of the world, and in this case 
contains from 1 to 20 per cent, of nickel. At Yale 
College, in America, a meteorolito is preserved, weigh- 
ing 1635 lbs.; length, 3 feet 4 itches; breadth, 2 feet 
4 inches; height, 1 foot 4 inches. It contained 90 to 
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93 per cent, of iron, and 8-8 to O'G per cent, of nickel. 
Pallas discovered a mctcorolitc in Siberia weighing 1600 
lba. ; and still larger masses have been found in South 
America. At Canaan, Connecticut (American Journal 
of Science, xii. 154, and (2) v. 292), a mass, supposed to 
be of terrestrial origin, was found, in the form of a plate 
or vein two inches thick, attached to a mass of mica slate 
rock. Iron pyrites (Fo S a ) occurs abundantly in rocks of 
all ages, in cubes, nodules, and veins. It is used in the 
manufacture of sulphur, sulphuric acid, and sulphate of 
iron ; but its composition renders it unavailable for the 
production of iron itself. The arsenical, chromic, and 
titanifcrous ores, and the borato, columbate, tungstato, 
phosphate, &c. of iron, do not need a more lengthened 
notice in this treatise. 

All the above ores arc more or less mixed with silica, 
alumina, oxide of manganese, &c. ; and it may not be un- 
interesting to glanco at their chemical composition and 
their geographical distribution in Europe and America. 

England possesses peculiar and remarkable advantages 
for the manufacture of iron. The ores are found in ex- 
haustless abundance, usually inters tratified with the coal 
necessary for their reduction, and in close proximity to the 
Mountain Limestone, which is used as a flux. In few 
countries do these three essential materials occur in such 
abundance, or so near together as to give the necessary 
facilities for a large and profitable production. 

In the North of England the ores of iron occur, geolo- 
gically speaking, in the three formations known as the 
Carboniferous Limestone, the Coal Measures, and the 
Lias. The following details are chiefly from the " Memoirs 
of the Geological Survey of Great Britain :" — 
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THE ORES OF THE CARBONIFEROUS LIMESTONE. 

In this formation, consisting in tho North of England 
of strata of limestone, gritstone, and shale, the argillaceous 
carbonate occurs in some of the hands of shale in strata 
liko those more abundant in the Coal Measures. The 
hydrous sesquioxide, or brown kfematite, appears in some 
instances also to form layers, although its mode of occur- 
rence is at present more doubtful. A stratum of the car- 
bonaceous blackhand ore has been worked at Haydou 
Bridge. Some of the lead veins of the Alston district are 
charged with brown iron ore, and in other parts with the 
sparry carbonate, and in both cases have of late been 
successfully worked. The red hasmatite of Whitehaven 
occurs in the same Carboniferous Limestone near the out- 
crop of tho slaty rocks on which that formation rests. 
This fine and pure ore occurs in magnificent beds, 15, 
30, and even 60 feet in thickness, usually subterraneous, 
but occasionally at the surface. Very little of this is 
smelted on the spot, owing to the want of fuel — not more 
in 18D7 than 56,511 tons ; hut in the same period 193,850 
tons were shipped at "Whitehaven, and 06,651 tons con- 
veyed by railway, to Wales, Staffordshire, Scotland, New- 
castle, &c. The hjematite is also worked at Stainton, 
Lindale, Ricket Hills, Elliscales, and Mousell. At the 
Park and Roanhead Mines " you may proceed 400 to 
500 feet in either direction in one solid mass of this 
valuable substance, and nothing has as yet been scon of 
the bottom of it." 

In Wales, extensive deposits of- haematite occur in Gla- 
morganshire, in the upper beds of the Carboniferous Lime- 
stone ; and of late these have been extensively worked. 
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THE IRONSTONES OF TOE COAL MEASURES. 

The ores in the Coal Measures consist almost exclu- 
sively of the argillaceous clay-ironstone in concretionary 
nodules. In the Yorkshire coalfield they aTe not plenti- 
ful, though a sufficiency is found to supply furnaces in 
which a peculiar bed of coal is employed, remarkably free 
from sulphur ; and this, with studious caro in the manu- 
facture, results in the production of the fine qualities of 
iron known as Lowmoor, "Bowling, Farnley, &c. 

In the Derbyshire coalfield, of a total thickness of 
1600 feet, the same valuable deposits of argillaceous ore 
occur in great abundance. 

In Staffordshire, a portion of the coalfield lias been so 
productively worked that the character of the country 
lias been changed, and the number of smelting and pud- 
dling furnaces, the refuse of metallurgical operations, the 
coking heaps, all partaking of a general sooty character, 
have led to the application to this district of the epithet 
" the black country." " In no other coalfield of the 
United Kingdom," says Mr Beete Jukes, " is a thickness 
of 30 feet of coal to bo found together ; while in South 
Staffordshire twelve or thirteen bcd3 of coal rest one upon 
the other, with but very slight partings of slialo between 
them, making up often that thickness, and sometimes more. 
In the same way I believe the quantity of ironstone to he 
found in some parts of this district, within avertical space of 
100 or 150 yards, is greater than is known any where else."* 

In Scotland, the blackband is the ore chiefly worked. 
It ic an impure carbonate mingled with largo quantities 
of bituminous aud carbonaceous matter. 

* Memoirs of the Geological Survev of Great Britain : " Tlic Iron Oren 
of South Staffordshire." 1858. 
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THE ORES OF TOE OOLITE. 

Mr Edward Hull, in pursuing the Geological Survey, 
found considerable beds of siliceous iron ore belonging to 
the Lower Oolite, and a calcareous ore in the Upper Lias in 
the neighbourhoods of Banbury, Deddington, and Wood- 
stock. The Woodstock ore. or Blenheim ore as Mr Hull 
has termed it, is almost identical in geological position and 
nature with the Cleveland ore of Yorkshire. It contains 
only 0-55 per cent, of phosphoric acid, and of metallic 
iron about 32 per cent. 

In Northampton, a siliceous carbonate is being worked. 



Table exJubitinji \h: f<i»i>witin>i of Average Samples of British Iron 
Ores, from the " Memoirs of the Geological Survey." 
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The ores principally employed are the clay-ironstones 
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and carbonates of blackbands, whicb are found inter- 
stratified with the coal-fields of Ayrshire, Lanarkshire, 
Shropshire, South Wales, and other parts, and these vary 
in richness in different localities, according to position 
and the amount of silica, clay, and other foreign matter 
with which they are associated. The chemical composi- 
tion of three varieties of the ore used in Lanarkshire is 
given by Dr Colquhoun, as follows : — 
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The carbonic acid in the above ores may bo partly 
combined with the- lime as carbonate of lime, as weil as 
with the protoxide of iron. 

M. Berthier gives, according to Dr TJre, the following 
analyses of the English and Welsh ironstones of the Coal 
Measures : — 
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Calculating the amount of carbonate of iron and metal- 
lic iron indicated by the above analyses, wo have — 



42-05 



31» 



40-45 



The richness of the above ironstones would be about 
33 per cent, of iron. In the process of roasting, 28 per 
cent, of the ore is dissipated. 

Mr Mitchell gives also the following assays of clay- 
ironstone and blackband ore, as under : — 
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In North Lancashire and Cumberland, tbo red haema- 
tite ores are now extensively worked, and great quanti- 
ties are yearly shipped from Whitehaven, "Ulvcrstone, &c, 
to Staffordshire, South Wales, and Scotland, for mixing 
with the poorer argillaceous and blackband ores. In 
Cumberland and North Lancashire, no less than 592,390 
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tons were raised in 1857 for this purpose, and the greater 
portion was exported from those districts. 

In addition to these exports, about 25 to 30,000 tons 
are smelted by the hot blast at Cleator, in the neighbour- 
hood of Whitehaven. It produces a strong and ductile 
iron, considered highly valuable for mixing with the 
weaker irons. These ores have been carefully analysed, 
and contain : — 



Perosido of iron D0'3 

Silica Bfl 

Alumina 3-0 

lime trace. 

Magnesia trace. 

Water C'O 



KM -3 

Or about 62 per cent of metallic iron. 

In Ireland there are vast deposits of iron ore, of great 
richness, though as yet but little worked. Some of these, 
such as the ores worked at the Arigua Mines, and the 
Kidney ores of Balcarry Bay, yield nearly 70 per cent, 
of iron. If these mines wore worked moro exten- 
sively, and if peat fuel were used in the smelting opera- 
tions, the iron would probably be of the very best qua- 
lity, and might rival the famed Swedish charcoal metal. 
Of this there is now every reason to hope, as the estab- 
lishment of railway communication, with almost every 
part of Ireland, will open out the immense peat bogs of 
that country, and facilitate the introduction of vegetable 
fuel for the reduction of the ores, and create a large and 
important addition to other branches of Irish industry. 
In a communication to the writer from Mr M'AIl, ho 
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states : — " I have sent you samples of two kinds of iron 
ore; one is the red, the other the purple hematite. 
There are strata which are inexhaustible, and the ore 
can be raised and delivered 1 at the furnaco for less than 
a shilling a ton ; the peat or. vegetable carhon is 
equally cheap and abundant. Limestone of the purest 
quality is also close at hand, and can be delivered at 
the furnace at ninepence per ton. On account of the 
purity of these materials, iron of the greatest strength 
and ductility can be made, which, from its non-liability 
to corrode, would be admirably adapted for naval and 
marine purposes." Ireland is therefore, according to 
Mr M'All and others, in a condition to supply large 
quantities of excellent iron. 

The Iron Ores of France.— -France possesses an abundant 
supply of iron ore, but, on account of the scarcity of coal, 
the manufacture has been greatly restricted in extent. The 
introduction of railway communication is however rapidly 
removing this difficulty, and the operations of smelting are 
greatly on the increase. The railroad has enabled theFrench 
ironmaster to substitute coal for charcoal in the reduction 
of the iron ores, and in consequence an immense increase 
lias taken place in the production of pig and manufac- 
tured iron. The ores are found in beds or strata in the 
Jura range ; accumulated in kidney-shaped concretions in 
the fissures of the limestone ; or dispersed over the surface 
of the ground, and but slightly covered with sand or clay. 

They are found in the departments of the Tonne, the 
Meuse, and the Moselle, and indeed may be traced from 
the Pas do Calais on the north to the Jura on the south, 
indicating throughout an abundant and ample supply. 

B 
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The present increased production oi* iron in France is 
chiefly due to the introduction of coal in smelting, hut it 
may also he traced in some measure to the encourage- 
ment given by the Government to that branch of in- 
dustry, and to the enterprise of such men as M. de Gal- 
lois and M. Dufrenoy, who have exerted themselves to 
extend its manufacture in that country. M. de Gallois 
resided in England for several years, immediately subse- 
quent to the peace of 1815 ; and having obtained admis- 
sion into the different iron-works here, be returned to 
France and estahlished the works at St Etienne, now 
probably the largest and most extensive in that ■country.* 
The production of crude pig-iron in Franco is now little 
short of 1,000,000 tons annually ; hut the demand for 
railways, rolling-stock, bridges, iron ships, girders, and 
other constructions, is so great that large quantities of 
iron are still annually imported from this country. 

The Iron Ores of Prussia. — Valuable deposits of the 
blackband and clay carbonate ores aro found intorstratified 
with the great coal-field of Ruhr ; and the bog-iron and he- 
matite ores aro found in considerable profusion in Rhenish 
Prussia and otheT parts. In Upper Silesia, on the Vistula, 
and the Oder, large deposits of coal and iron are found in 
juxtaposition, and are worked to a considerahle extent. 

• Tho Universal Exhibition of last year (1855) fully jus ti lies the remarks 
in reference to the great increase of the iron trade of France. Any person 
in the least conversant with the imperfect machinery ami processes of tho 
iron manufacture as it osisted in Franco eomo yoars sineo, could not have 
heen otherwise than struck with the improved character of those exempli- 
fied in the Paris Exhibition. In no country (probably not excepting ovon 
this) has so great progress been made in so short a time, in advancing from 
a state of comporative rudeness to one of considerable perfection, ns in 
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The consumption of iron is not so groat as in France, 
though it is increasing rapid]}', as may be seen from 
returns recently given by the British Charge d'Affaires at 
Berlin. These returns show that the amount of iron ore 
raised in Prussia has increased from 1,495,516 tons in 
1853, to 2,144,509 tons in 1854 ; this has taken place in 
nearly all the producing districts, but chielly on the 
Ehine, where the demand has increased from 719,684 to 
1,068,656 tons ; in Westphalia, from 146,320 to 330,014 
tons ; in Silesia, from 563,739 to 650,369 tons ; in Lower 
Saxony and Thuringia, from 51,963 to 70,676 tons; in 
Prussian Brandenburg, from 8084 to 12,731 tons; and 
in the "Upper Zollvcrcin from 6736 to 12,063 tons. 

The Iron Ores of Austria, Belgium, ttc- — In Austria, 
all the iron is smelted with charcoal or carbonised peat, 
and is in consequence of the finest quality ; it may be 
applied to every description of manufacture, from the 
most ductile wire to the hardest steel. The produc- 
tion is, however, small. The ores are found in Ilungary, 
Styria, Moravia, and Upper Silesia. 

In Belgium, both coal and iron are found in equal 
abundance, and are worked at Charleroi, Liege, and at 
other places. The ores, which are chiefly hematite, are 
derived from the limestone at the base of the coal mea- 
sures. A species of bog ore is also extensively used, 
which is found near the surface, and is said to be washed 
to free it from impurities. 

The Ores ofSweden,&c. — The superiority of the Swedish 
iron has long been acknowledged, and till recently it has 
been unrivalled. This arises not only from the purity of 
the ore — chiefly the magnetic oxide of iron— but in. con- 
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sequence of its being smelted with charcoal only. The 
quantity is, however, restricted, aa the ironmasters are 
allowed by law only a certain number of trees per annum, 
in order that the forests may not be totally destroyed. 
Coal does not exist in either Sweden or Norway. 

Turkish Iron Ores. — In 1S44 some experimental re- 
searches were undertaken by myself at Manchester, at 
the , request of the Sublime Porte, in regard to the pro- 
perties of iron made from the ores of Samakoff in Turkey. 
The ores were strongly magnetic, and contained, accord- 
ing to Dumas and others, 62 to 64 per cent, of iron. They 
consisted of— 

Ono atom iron 28 + one atom oxygen 8 = 36 
Two atoms iron 56 -f- three atoms oxygen 34 — 80 

Iron . 84 Oxygen . 32 116 

Some of these ores have been smelted with charcoal, 
and some very fine specimens of iron and steel produced. 
The manufacture is, however, in a languid state in Tur- 
key ; and although smelting furnaces, blowing apparatus, 
forges, rolling-mills, &C, were prepared and sent out from 
this country, they are to a great extent useless among a 
people who have deeply rooted prejudices and habitual 
inactivity to overcome, and everything to learn in all 
those habits of industry which indicate the rising pros- 
perity of an energetic and an active people. 

The Iron Ores of America. — The magnetic, h;enm- 
tite, and clay ironstones abound in the United States : 
the magnetic ores worked in New England, New York, 
and New Jersey; the hasmatite in Pennsylvania, New 
York, New Jersey, and other localities ; but the greater 
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part of the manufacture must eventually establish itself 
in the valley of the Mississippi, west of the Alleghany 
range, where vast deposits of coal and iron exist, though 
at present but imperfectly known or developed. The 
ores in most of these districts are smelted with a mix 
ture of charcoal and anthracite, and the usual limestone 
flux, and produce a very excellent quality of iron. 

The following is an analysis of magnetic ore from the 
gneiss near New York : — 

Protoxide of iron, . 35"40 

Peroxide of iron, .... 70-50 

Oxide of manganese . . . 1*60 

Silica and loss, .... 2-50 

Metallic iron, .... 68-50 
In Nova Scotia some of the richest ores yet discovered 
occur in exhaustless abundance. The iron manufactured 
from them is of the very best quality, and is equal to the 
finest Swedish metal. The specular ore of the Acadian 
Mines, Nova Scotia, is said by Dr lire to bo a nearly pure 
peroxide of iron, containing 99 per cent, of the peroxide, 
and about 70 per cent, of iron. When smelted, 100 parts 
yield 75 of iron, the increase in weight being due to com- 
bined carbon. The red ore Dr Ure states to he analogous 
to tho kidney ore of Cumberland, and to contain — 



The Acadian ores are situated in the neighbourhood of 
large tracks of forests, capable of supplying almost any 
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quantity of charcoal for the manufacture of the superior 
qualities of iron and steel. Several specimens of iron 
from these mines have heon submitted to direct experi- 
ment, and the results prove its high powers of resistance 
to i- train, ductility, ;n-d adaptation to all those processes 
hy which the finest description of firo and steel are 
manufactured. 

Tiie difficulties which the Government have had to 
encounter, during the last two years, in obtaining a suffi- 
ciently strong metal for artillery, are likely to he removed 
by the use of the Acadian pig-iron. Large quantities 
have been purchased by the War Office, and experiments 
aTe now in progress, under the direction of Lieutenant- 
Colonel Wilmot, Inspector of Artillery, and myself, which 
seem calculated to establish the superiority of this metal 
for casting every description of heavy ordnance. 

There are also some very rich ores at the Nictau mines, 
as the following analyses by Dr Jackson show. They con- 
tain impressions of Silurian tentacuhtes, spirifers, &c. :— 



Peroxide of iron 
Silica . 
Carbonate of lime 
Cmbonate of : 
Alumina 

Oxi.k. of man 
Water . 



As out limits aTe circumscribed, it will not be necessary 
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to extend this section further. Suffice it therefore to 
observe, that in all countries nature has, with a beneficent 
purpose, interlaid and interstratified the whole surface of 
the globe with this useful and indispensable material ; and 
it would ill bespeak that high intelligence with which 
man is endowed if he did not avail himself of, and turn 
to good account, the immense stores of mineral treasures 
which are so profusely laid at bis feet. 
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THE FUEL. 

The inquiry into the properties and composition of the 
ores of iron, and the processes employed for their reduc- 
tion and subsequent conversion into bars and plates, would 
be incomplete unless accompanied by descriptive analyses 
of the fuel by which they are fused. Indeed the results 
of the operations of smelting, puddling, &c, arc so inti- 
mately dependent on the quality of the fuel employed, as 
to render a knowledge of its constituents essential to the 
manufacture of good iron. 

Charcoal was at first universally employed in the manu- 
facture of iron ; and on account of its purity compared with 
other kinds of fuel, and its strong chemical affinities and 
consequent high combustibility, it is of very superior value, 
where it can be obtained in largo quantities at a moderate 
cost. This, however, is rarely the case, and hence its use 
is restricted within very narrow limits in most countries. 
Charcoal is the result of several processes, in each of 
which the object is to increaso the amount of fuel in a 
given bulk. The wood being cut into convenient lengths, 
and piled closely together, in a large heap, the interstices 
being filled with the smaller branches, and the whole 
covered with wet charcoal powder, is then set on fire. 
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Care is taken that only sufficient air is admitted to con- 
sume the gaseous products of the wood, so as to main- 
tain the high temperature without needlessly consuming 
the carhon. After the whole of the gaseous products 
have been separated, and the carbon and salts only are 
left, the access of air is prevented, and the heap allowed 
to cool. 

Another and hetter process is to throw the wood into 
a large close oven or furnace, heated either by the com- 
bustion within it, or by a separate fire conducted in flues 
around it. By this process, not only is the yield greater 
and of bettor quality, from the slower progress of the 
operation, hut the products of the distillation may be 
preserved and employed for a great variety of purposes. 
The following results of soma experiments by Karstec, 
show the difference in yield of very rapid and very slow 
processes :- — 
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These, on the average, give for the quick process 15-3, 
and for the slow 25 6, being in the ratio of 1 : 1*67, or 
0-67 in favour of tho quick process. 

Peat. — This material seems likely to come into use for 
smelting iron in countries such as Ireland, where neither 
coal nor wood are found in abundance. It is purer and 
b2 
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less objectionable than coal, and if properly dried, com- 
pressed, and carbonised, would prove a very valuable fuel 
for the reduction of such oros as wo have already described 
in the section on the iron ores of Ireland. It is carbonised 
in the same way as the charring of wood. The great 
objection to peat as a fuel for manufacturing purposes is 
its lightness and friability. In Ireland, and other places, 
this has been sought to be overcome by the compression 
of the peat by powerful hydraulic presses. Thus com- 
pressed, the peat loses two-thirds of its volume, and two- 
fifths of its weight, through the expulsion of part of its 
water. 

Large quantities of peat arc carbonised on the Continent 
in the Vosges, Bavaria, Saxony, and France, and employed 
in the smelting of iron. The yield of peat charcoal does 
not exceed 30 per cent, of the raw material when it is 
charred in open heaps, nor 40 per cent, when the car- 
bonisation is effected in closed kilns. The products of 
the distillation are sometimes collected, and form valuable 
articles of commerce. 

Coke. — Before the introduction of the hot-blast, this 
material was used to a very great extent in the manu- 
facture of iron ; it is prepared from coal in the same way 
that charcoal is prepared from wood, the operation being 
called the coking or desulphurizing process. The heaps 
do not require so careful a regulation of the admission of 
air as those of charcoal, on account of the comparatively 
incombustible character of the coke. Sometimes the 
heaps are made large, with perforated brick chimneys, to 
increase the draught through the mounds ; at other times 
they are formed into smaller heaps, and the conversion 
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takes place without the intervention of flues. The more 
usual and economical plan ia, however, the employment 
of close ovens, hy which process a great saving is effected, 
the yield being from 30 to 50 per cent, in the one case, 
and from 50 to 75 in the other, according to the nature 
and quality of the coal. 

Coal.— The hot-blast has enabled the ironmasters to use 
raw coal in the blast furnaces, the great beat of the ascend- 
ing current of the products of combustion coking it as it 
falls in the furnace. The sulphur, however, and other de- 
leterious ingredients, do not appear to be so completely got 
rid of as when the coal is used in the shape of coko ; and 
it appears probable, that even with the hot-blast, the 
separate process of coking might be advantageously used, 
on account of the greater purity of the iron produced. 

The facilities of different countries for producing iron 
depend largely upon the quantity of coal found in their 
borders. The source of English pre-eminence in this 
manufacture is due to the largo and accessible coal-fields, 
and their close association with the iron ores. It has been 
calculated that there arc 8139 square miles of bituminous 
coal, and 3720 of anthracite, in Great Britain, or l-10th 
of the whole area of these islands. On the other hand, 
in France there are only 1719 square miles, or the l-118th 
of the area ; in Spain, 3408 miles, or the l-52d ; in Bel- 
gium, 518 square miles, or the l-22d. America contains, 
however, the largest coalfields, British America having 
18,000 square miles, or 2-9 ths of its whole area; the 
United States 133,132 square miles of bituminous coal, 
or l-17th of the area, and Pennsylvania 15,437 miles of 
anthracite, or l-3d of the whole area. (Taylor.) 
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Tlie following tables, selected from various sources, give 
the composition of the different kinds of fuel, all of which 
are applicable to the reduction and fusion of the iron ores: — 
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The subject of the chemical composition of coal has 
been most elaborately worked out by Dr Lyon Playfair 
iu a report to the Admiralty, published in the Memoirs 
of the Geological Survey of Great Britain. The reader 
must be referred to the original memoir for the details of 
tho elaborate analyses carried out under bis direction ; 
all that can be done here is to present a brief summary 
of bis results : — 
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According to Knapp, peat contains from 1 to 32 per 
cent, its weight of ash. In coal we have the following 
from Mr Mushet's analyses : — 
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The following table indicates the composition of the 
ashes of coal, a subject of tho highest importance to the 
metallurgist, as from this source a part of the impurities 
are derived. They are quoted from Mr Phillips : — 
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The following tabic of the heating power of various 
kinds of fuel, from Knapp's Chemical Technology, is not 
without interest ; in practice, however, only a portion of 
the absolute heating power is made available : — 
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In concluding the observations on fuel, we may notice 
that the various kinds of coal are classed by mineralogists 
as the bituminous, and stone or anthracite coal. The first 
class is chiefly employed for the purpose of smelting, 
though, since the introduction of the hot-blast, anthracite 
is coming largely into use both in this country and 
America. Mr Crane of South Wales was the first who 
attempted the reduction of iron ores by anthracite, and 
Mr Budd, at his works at Ystalyfera, followed successfully 
in the same path. To these two gentlemen the public 
are indebted for having surmounted the obstacles to the 
employment of this fuel for smelting iron. 

On the occasion of a visit to Mr Crane's works, nearly 
twenty years ago, the writer had an opportunity of in- 
specting some specimens of anthracite, which had passed 
through the furnace, and been in contact with the mine- 
rals at the temperature of fusion for 48 hours, without 
having suffered decomposition, and were fonnd to be 
charred to a depth of only three-fourths of an inch, the 
interior being of a perfectly shining and black colour, and 
quite unaffected by the heat of the furnace. 

We may mention here Mr Crace Calvert's process for 
the purification of coke intended for smelting purposes. 
It is well known how injurious to the quality of iron is 
the presence of phosphorus and sulphur, both of which 
are present often in considerable quantities in the ores 
and fuel. Sulphur has a tendency to make the iron cold 
short, and phosphorus to make it red short ; and this 
effect is so deleterious in most cases, that the Yorkshire 
irons appear to owe their signal superiority to the fact 
that the bed of coal employed in their reduction and 
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manufacture is free from these ingredients. Mr Calvert 
employs chlorine, hydrochloric acid, or chloridos, either 
by introducing them into the hlast-fumacc, or in contact 
with the ores when roasted, or into the coking ovens. 
Chloride of sodium is preferred in the proportion of 58 
parts of the chloride to 16 parts of sulphur, or 32 parts of 
phosphorus in the ores or coal. Tho effect is to remove 
to a great extent the phosphorus and sulphur with which 
the sodium unites to form a slag. 



CHAPTER IV. 



THE SEDUCTION OF THE ORES. 

The processes for tlie manufacture of irorij as we have 
already pointed out, are of two distinct kinds — those of 
cementation and those of smelting. The product of the 
former is imperfectly malleable iron ; that of the latter, 
cast-iron, or iron combined with more or less carbon. 

Process with the Catalan Hearth. — The first and older 
process is uncertain in its results, involves considerable 
expense, and, as there are no efficient means of getting 
rid of the earthy impurities, necessitates the employ- 
ment of rich magnetic, specular, or hicmatite ores; on 
account of these defects; it is now seldom employed. 
The ores to be reduced by this process were heated with 
charcoal in open furnaces like the Catalan hearth, the fire 
being urged by a blast. The oxygen combined with the 
carbon, and the water and volatile substances were driven 
off, and tho iron — earburizod and partially fused — sank to 
the bottom of the hearth. If the process were stopped 
at this poiut, an imperfect cast-iron or steel was tho result. 
But usually the blast was then directed downwards, so as to 
play over the surface of the iron, and oxidized the greater 
part of the combined carbon ; during this operation the 
iron became tough and malleable, and fit for tho hammer. 
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The annexed section (fig. 1) shows the disposition of 
the Catalan hearth during the process of reduction. The 
fuel and ore B are piled over the hearth A, and ignited ; 
the hlast to urge the fire is applied at D, and the gaseous 
products of combustion pass off by the chimney C. 

The process has been em- 
ployed in America, where 
capital was wanting, for the 
erection of blast furnaces, 
but it is very wasteful, as 
is gli own by the following 
statement of the materials 
, employed: — 3 tons of rich 
ore produce 1 ton of iron ; 
5 hours are necessary to con- 
vert a loup of iron weighing 
only 150 lbs. 

Mr Clay's Process. — A similar process has lately been 
invented by Mr Clay, which appears to reduce the rich 
ores with great advantage, and to be free from the defects 
of the older process. Mr Clay mixes the ore with four- 
tenths of its weight of coal, and grinds it so small that it 
will pass through a screen of one-eighth of an inch mesh ; 
it is then put into the hopper A (fig. 2), from which it 
falls upon the preparatory bed B, at the side of the pud- 
dling furnace C. "While in this position, the ore is heated, 
and partly decomposed, and the coal coked. The charge 
is then drawn forward into the reverb eratory furnace C, 
where it is fused by the heat of the gaseous products pass- 
ing from a fire at D to the chimney F, and is puddled and 
balled in the ordinary way. The cinder produced con- 
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tains 50 to 55 per cent, of iron, is free from phosphorus, 
and is very suitable for smelting in the Wast furnace. 
This process is said to produce puddled burs equal to those 
made by tbe four operations of calcining, smelting, re- 
fining, and puddling, under the old system, and appears 
to bo peculiarly adapted for the reduction of those rich 
ores which cannot ho smelted advantageously in the blast 
furnace, because the small quantity of slag which is 
formed does not protect tho metal from the oxidizing 
effects of the blast. 

Smelting.— The process of smelting in the blast furnace 
is now almost universally adopted for the reduction of iron 
ores ; and for tbe cheapness and working qualities of tbe 
metal produced, as well as for tho rapidity of tho manu- 
facture, it is decidedly superior to all others. 

Calcination of the Ores. — Ores which contain much car- 
bonic acid, water, or volatile matter, were at one time 
invariably subjected to a preparatory process of calcina- 
tion ; but, since the introduction of the hot-blast, they 
are now frequently employed in the raw state. . The cal- 
cination is sometimes effected in the open air, by stack- 
ing the ore with coal, setting fire to it, and allowing it to 
burn out; but this method is liable to serious objection. 
It is impossible to keep the temperature uniform through- 
out the heap; and in consequence, while some portions 
are scarcely affected, others are fused together into laTge 
masses, which cannot be smelted without difficulty, even 
when broken up. Apart from the irregularity and uncer- 
tainty of the open air process, it appears to be more ex- 
pensive than the calcination in kilns, when the admission 
of air is entirely under command. These ovens or kilns 
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are usually built of masonry, and are placed, if possible, 
on a level with tlie charging platform of the smelting 
furnace. These kilus are so arranged that the process 
is continuous, the calcined ore being withdrawn below 
whilst the process is going on above. The argillaceous 
ores lose, during this process, 20 to 30 per cent. ; the car- 
bonaceous, 30 to 40 per cent, of their weight. In Scot- 
land, the blackband and clay ironstone ores are all cal- 
cined, even for the hot-blast, the coally matter in the 
blackbands being almost sufficient to effect the calcination 
without other fuel. The carbonaceous ores lose as much 
as 40 or 50 per cent, of their weight in this process. 

Tke High Cold-blasl Furnace.' — The blast furnace con- 
sists of a large mass of masonry, usually square at the base, 
from which the sides are carried up in a slightly slanting 
direction, so as to form, externally, a truncated pyramid. 
In the sides there are large arched recesses, in which are 
the openings into the furnace for the admission of the 
blast, and for running out metal and the cinder ; at the 
top of the furnace is a cylindrical erection of brick- work, 
called the tunnel-head, for protecting the workmen from 
the heated gases rising from the furnace, and having one 
or more doors, through which the charges of ore, fuel, and 
flux are thrown into the furnace. In front, protected by 
a roof, is the casting-house, where the metal is run from 
the furnace into moulds. 

Fig. 3 is a vertical section, and fig. 4 a plan of one of 
the furnaces at the Dowlais Iron Works, which belong to 
the representatives of the late Sir J. Guest. Mr Truran, 
in a recently published and elaborate work on iron, has 
figured and described it. He states that it is one of the 
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largest class, 38 feet square at the base, diminishing up- 
wards 3 inches for every vortical foot, till it attains a - 
height of 25 feet, where the square form ends with a 



moulded cap ; above this, the form is circular, diminish- 
ing in diameter at a similar rate, and finishing at top 
with a plain moulded cornice, as a support for the charg- 
ing platform. In the section and plan A is the hearth, 
8 feet high and 8 feet in diameter ; EB the hoshes, 
rising to a height of 15 feet, and 18 feet wide at their 
greatest diameter. From the top of the hoshes the body 
of the furnace contracts, in a barrel-shaped curve, so that 
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at tho charging platform D, at a height of 50 feet, it is 
only 10 feet in diameter ; E is the tunnel-head, with 
doorB of iron, to admit the charges of ore and fuel ; FFF 




Fig, 4. 

the tuyere-houses, arched over and spread outwards, with 
the openings into the furnace for admitting the blast. 
G, the opening through which, the iron is run from the 
furnace. Tho exterior is generally built of stone, and 
requires to be strongly bound with iron hoops, to prevent 
fracture from the expansion of the interior by the heat. 
The interior is lined with fire-brick set in fire-clay, a space 
of two or three inches beiug left between the two courses, 
to allow the expansion of the inner course. Tho hearth and 
boshes were usually constructed of refractory sandstone 
grit, or conglomerate, but fire-bricks are now chiefly used ; 
and, although they do not last so long, they are in the 
end more economical, and may be replaced whenever the 
furnace is blown out. The proper inclination of tho 
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boshes is a point of much importance, so that the mate- 
rials, whilst smelting, may neither press too heavily 
downwards, nor yet be so retarded as to adhere in a half- 
liquid state to the brick-work, and cool thorc, thus form- 
ing what are known by the name of scaffolds, the removal 
of which is a source of great inconvenience. 

The Cupola Furnace.- — Another form of furnace is oc- 
casionally used for smelting, called the cupola, and built 
much more slightly than the blast furnace. Its form is 
circular, and from the boshes upwards it is constructed of 
fire-brick, one, or sometimes two courses in thickness. 
It is strongly bound together with wrought-iron hoops ; 
and pillars of cast-iron, bolted at each end to imbedded 
rings of the same metal, rise through the foundation to 
the summit .of the tuyere aTches, giving considerable 
firmness and stability to the structure. Cheapness and 
facility of construction are much in its favour; and al- 
though objections have been made to the thinness of its 
sides, as permitting great loss of heat by radiation, it has 
met with very general adoption. 

In addition to the cupola furnace, another of the same 
character has of late years been introduced. It consists 
of a truncated cone, composed eutirely of boiler-plates 
rivetteil together, as per annexed fig. 5. On the four 
opposite sides, recesses are cut to admit the tuyeres and 
the opening from the hearth into the casting-house. The 
interior of the furnace is lined with fire-brick and fire-clay 
in the usual way, and this plate furnace is not only per- 
fectly secure, as regards the expansion and contraction, but 
it is found to be economical and to answer every purpose 
in common with the large stone and iron-bound furnaces. 
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working in a cylinder of large diameter, and forcing the air 
through proper valves into a laTge spherical or cylindrical 
reservoir, constructed of boiler-plate, whence its own elas- 
ticity causes it to flow in a regular, unintermittiug stream 
into the furnace. A cylindrical vessel, open at bottom, and 
immersed in a pit of water, has sometimes been used to 
regulate the pressure of the blast ; but the water evapo- 
rated is detrimental to the working of the furnace. The 
nozzles by which the blast is directed into the furnace 
are made of cast or wrought iron, and sometimes a cur- 
rent of water is conveyed round their extremities to keep 
them cool. The number of blowpipe nozzles to each 
furnace varies at different works ; the usual number is 
three, one for each of the tuyere -houses, but sometimes 
six, eight, or twelve are employed, as shown in fig. 19 ; 
it however appears questionable whether this is not objec- 
tionable, as the density and penetrating power of the blast 
is considerably diminished by this system of diffusion. 
This, however, is a point which can only he decided by 
practice, and must be left to the judgment of the smelter. 
The usual pressure of (lie blast as it enters the furnace 
is about 3 lbs. per square inch, but in some cases it is as 
much as 5 lbs. per square inch. 

The Scotch i ron - smelters allege that the diffusive 
power of the blast is increased rather than diminished by 
increasing the number of blowpipe nozzles, and give as 
a reason for the use of six or more, that they can be so 
much more easily repaired, the stoppage of one not 
materially affecting the working of the furnace. 

The dimensions and form of the blast furnace vary- 
greatly, according to the fashion of the district, and the 
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notions of the builder. Yet so much docs the quantity 
and quality of tho iron depend upon the size of the fur- 
nace and strength of the blast, that we may venture to 
assert that the production varies in the ratio of the cubical 
contents of the furnace, and the volume of air admitted. 
Mr Truran gives the following particulars of tho Dowlais 
Foundry iron furnace :— " The capacity is 275 cubic yards. 
It is blown with a blast of 5390 cubic feet of [cold] air 
per minute. The materials charged at the top consist of 
calcined argillaceous ore, coal, and limestone. The yield 
or consumption averages 48 cwts. of calcined ore, 50 cwts. 
of coal, and 17 cwts. of broken limestone, to 20 cwts. of 
crude iron obtained. The weekly make of iron is occa- 
sionally over 130 tons. The weekly product of cinder 
amounts to 250 tons. For the production of white iron 
for the forge, in furnaces of the same capacity as the 
foregoing, a larger volume of Hast is employed, along 
with a different burden of materials. The blast averages 
7370 feet per minute. The consumption of materials to 
one ton of iron averages 28 cwts. of calcined argillaceous 
ore, 10 cwts. of hrematite, 10 cwts. of forge and finery 
cinders, 42 cwts. of coal, and 14 cwts. of limestone. With 
these materials the weekly produce amounts to 170 tons 
of crude iron, and 310 tons of cinder." 

Action within the Blast Furnace. — The action which 
takes place in tho blast furnace is as follows : — The con- 
tents being raised to an intense heat by the combustion 
of the fuel, are brought into a softened state ; the lime- 
stone parts with its carbonic acid, and combining with 
the earthy ingredients of the ironstone, forms, with them, 
a liquid slag, whilst the separated metallic particle?, 
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descending slowly through the furnace, are deoxidised 
and fused. In their passage they combine with a portion 
of carbon, and at last settle down in the hearth, from 
whence they arc run off into pigs about every twelve 
hours ; tho slag, being lighter, floats upon the surface of 
the liquid metal, and is constantly flowing out over a 
notch in the dam-plate, level with the top of the hearth. 
This slag indicates, by its appearance, the manner in 
which the furnace is working. Thus, if the cinder is 
liquid, nearly transparent, or of a light greyish colour, 
and has a fracture like limestone, a favourable state of 
the furnace is indicated. Tints of blue, yellow, or green 
are caused by a portion of oxide of iron passing into the 
slag, and show that the furnace is working cold. The 
worst appearance of the cinder is, however, a deep brown 
or black colour, the slag flowing in a broad hot rugged 
stream, and indicating that the supply of coke is not 
sufficient to deoxidise the whole of the iron. 

During the process of smelting, the interior of tho fur- 
nace requires to be very carefully watched. The stream 
of air constantly rushing in at the tuyeres, exerts a chill- 
ing agency on tho melted matter directly opposed to it at 
its entrance. The consequence of this is the formation 
of rude perforated cones of indurated scorise, stretching 
from either side horizontally into the furnace, each 
one having its base directly over the embouchure of 
a blast-pipe. When these project only to a certain 
extent, they are favourable to the working of the furnace, 
as the blast is thrown right into the centre, and prevented 
from passing up the sides and burning the brickwork. 
Sometimes, however, when the furnace is driving cold 
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and slow, these conduits of slag become so strong, and 
jut out so far as to meet in the middle, and thus cause a 
great obstruction to the entrance and ascent of the blast. 
When this happens, there is usually no remedy but to 
increase the burden — that is, to increase the quantity of 
mine or ore to the charge. This causes an intense heat ; 
the furnace is said to work hot, and the conduits of slag 
drop off from the sides. This, however, is followed by 
bad as well as good consequences : the brickwork is 
frequently melted, and, for a time, the iron produced is 
small in quantity, and of the worst quality. To bring 
the furnace again to its proper state, the burden must be 
reduced ; the sides then become cool, new tubes of slag 
are formed, and the iron produced is good. These slags 
are imperfectly vitrified silicates, the composition of 
which was found by Berthier to be, in the case of a speci- 
men from Herthyr Tydvil — 

Silica, 

Magnesia, . 
Aluminn, 
Oxide of iron 
Sulphur, 

At the end of every twelve hours, more or loss, the 
furnace is tapped ; that is to say, the aperture in the dam- 
stone, which, at the commencement, had been stopped 
up with a mixture of loam and sand, is re-opened, and 
the metal contained in the hearth allowed to flow out 
into moulds, made in the sand of the cast-houso floor, 
thus forming a cast or sough of pigs. When this opera- 
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tion ceases, the dam-stone is again secured, and the work 
proceeds as before. In this manner a furnace is kept 
continually going, night and day, and never ceases to 
work until repairs are necessary. Incessant action has 
even been thought necessary to the successful carrying 
on of iron-works ; but the example of perhaps the 
largest ironmaster in South Wales has shown, contrary 
to general practice in that district, that smelting may be 
discontinued for at least one day in the week without any 
very serious derangement of operations. 

Elevation of Materials to the Tunnel-head. — The com- 
munication between the ground and the tunnel-head is 
effected in various ways. In South Wales the furnaces 
are usually built on a declivity, which affords ready 
means of access from behind, the furnace being charged 
by wheeling the materials on a level platform extending 
from the higher ground to the tunnel-bead of the fur- 
nace. Where this is not possible, an inclined plane has 
been used, with two lines of railway worked by a steam- 
engine, the trucks being connected so as to balance one 
another. The pneumatic lift has also been employed, 
consisting of a cast-iron cylinder inverted in a well of 
water, and balanced like a gasometer, so that it could 
move upwards or downwards in a vertical direction. A 
pipe from the blowing-engine is introduced under the 
cylinder ; so that the materials being wheeled upon the 
top, and the blast turned into it, the pressure of the air at 
once raises it, with its load, to the level of the charging 
platform. 

Thus far we have confined our observations to the 
production of iron by the cold-blast process; we have 
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now to consider the changes introduced by the employ- 
ment of a heated blast. 

The Hot-blast Process. — In the year 1S28, Mr J. Beau- 
mont Neilson, a practical engineer at Glasgow, took out 
a patent for an " improved application of air to produce 
heat in fires, forgea, and furnaces, where bellows or other 
blowing apparatus are required." Mr Neilson proposed to 
pass the current of air through suitably shaped vessels, 
where it was to be heated be/ore it entered the furnace. 
In this simple substitution of a hot-blast heated in a 
separate apparatus, for a cold-blast heated in the furnace 
itself, consists the whole invention. 

Like most other improvements, the progress of this was 
at first slow. Retarded by practical difficulties, which 
beset all new processes iu their first use — stopped every 
now and then by the prejudices of custom and ignorance, 
which cling with inveterate tenacity to maxims of estab- 
lished practice, and repel indiscriminately innovations 
which improve and those which modify without improv- 
ing — the invention was more than once on the point of 
being abandoned. A great part of the interest in its 
possible remuneration was transferred by the inventor to 
strangers, whose combined efforts and influence were 
necessary to insure its success. But though thus tardy 
in its first steps and feeble in its early efforts, the hot- 
blast process is now adopted at the greater number of the 
iron-works of Great Britain, and other parts of Europe 
and America. 

It is perhaps not generally known that practical men, 
previous to Mr Neilson's invention, universally believed 
that the colder the blast the better was the quality and 
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quantity of the iron produced ; and tliia opinion appeared 
to be confirmed by the fact that the furnaces worked better 
in winter than in summer. Acting on such views, the iron- 
master actually in some cases resorted to artificial means of 
refrigeration, to reduce the temperature of the blast before 
it entered the furnace. The fact of the improved action 
of the furnace in winter may perhaps be explained as a 




Fig. c. 



consequence of the diminished amount of aqueous vapour 
contained in the atmosphere in cold weather ; and the 
opinion that the low temperature is the cause of the 
alleged increase of production haa been shown to be 
wrong by the success of Mr Neilson's invention. 

This simple invention affects only tho transit of the air 
from the blowing cylinder to the furnace, an oven or stove 
being interposed, through Which, in appropriately shaped 
vessels, the air is conducted, and in which it is heated to 
(iOC or 800° Fahr., or to any other temperature adapted 
for tho purpose of smelting. 

Mr Neilson's earliest hot-blast oven for smelting pur- 
poses consisted of a wrought-iron chamber about 4± feet 
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long by 3 feet high and 2 feet wide, set in brickwork like 
a steam-boiler. This was then replaced by a cast-iron 
retort, similar to that shown in fig. 6. 

In an oven of brickwork 0000, with a fire fed by the 
door D, a large cylindrical tube or receiver h Ji, about 3 
feet in diameter, and 8 or 10 feet long, was placed. The 
pipes B and S, attached to the receiver h A at the oppo- 
site ends, communicated with the blowing-cylinder and 
emelting-furnace respectively. Luuular-shaped partitions 
ppp, projecting from opposite sides on the interior of the 
receiver, caused the air passing through it to impinge 
alternately Erst on one side and then on the other, in 
order that the temperature might he uniformly and effec- 
tively communicated from the metal to the blast. By 
this means a moderate current of air has been heated up 
to 300° or 400° Fahr. 

Long ranges of tubes, variously designed, were then 
introduced to increase the heating surface as much as 
possible, and it was with this arrangement that a tem- 
perature of 600° Fahr. was first attained. 

Qaldcr Healing Apparatus. — Figs. 7, 8, 9, and 10, show 
the apparatus first employed, wc believe, by Mr Dixon at 
Calder, and hence generally callc-d th^ ("'alder pipes. As 
erected at the Butterley Iron- Works, Derbyshire, the ap- 
paratus consists of two parallel horizontal pipes, LL, fig. 7, 
called technically the "lying pipes," one communicating 
with the cold-blast inlet pipe B, the other with the hot- 
blast outlet pipe S, fig. 9. Into sockets formed in these, 
the ends of the arched heating pipes h h k fit tightly, as 
shown in fig. 7 and in fig. 8 upon a larger scale. The 
air, therefore, entering the inlet pipe B, figs. 9 and 10, 
c2 
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passes over the transverso arched pipes h h, where it is 
exposed to the action of a large surface of heated metal, 
and is delivered into tho hot-blast pipe S, which conveys 
it at the required temperature into the blast furnace. 
The whole apparatus is enclosed in the oven or furnace 
0000, as shown in the figs. 7, 9, and 10. 
The figures of the transverse pipes vary considerably 




icg Pipe 

ying 1'ipE. 

at different iron-works. Sometimes they rise up and form 
a large semicircular arch over the fire, S or 10 feet perpen- 
dicularly, and are then connected by an. arch at the top ; 
sometimes they cross the fire in the form of a pointed 
arch, variously acuminate, or a single large tube is used, 
traversing the furnace in a long spiral direction. Their 
cross-section is as various as the form in which they are 




Fig. 10. Plan. 

tion to the volume of the blast. All these forms of ap- 



IRON IIAXUFAOTlIIE. 



paratue, altliough admirably adapted for hc^L.,ig the air, 




Fig. 11. 



lire liable to fracture and leakage, from the unequal ex- 
pansion of the metal. 
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One other form of apparatus, represented in the preced- 
ing figures, Kos. 11, 12, and 13, demands notice, on account 
of its great heating power. The cold air enters hy the 
pipe M into one side of the lying pipe A A, which is 
divided down the centre hy a partition or diaphragm, and 
then passes up one side of. the heating pipes, which are 




also divided by partitions ; it then turns round at the top, 
as shown at D (fig. 12), and descends in the direction of 
the arrows into the lying pipe A A on the other side to 
that which it entered. It is thence conveyed hy the 
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arched pipe E (fig. 13) into the second divided pipe B B, 
through another series of heating pipes, and ultimately 
escapes by the outlet pipe C, at a high temperature, to 
the smelting furnace. The diaphragm pipes arc, however, 
not generally used. 

The best arrangement is exhibited in the drawing of 
one of the furnaces and heating apparatus of the Coltness 
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Works, kindly furnished by Mr Hunter, the intelligent 
managing partner of that establish ment. The drawings 
(figs. 14 and 15) represent a sectional elevation and plan 
of a very successful and regular working hot-blast fur- 
nace ; but the size and form, as already observed, require 
to be governed by the quality and nature of the materials 
that are to be used. 

To obviate the tendency to fracture of the iron tubes 
at the crown of the arch, from the expansion of the metal, 
due to the very high temperatures to which it is subjected, 
only one lying tube is made fast in some cases, and the 
other placed upon rollers to give as much freedom as 
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Pig. 16. Sectional Klovatiun nt' CoHncaa Fnrnnce. 
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possible fur tin? motion of the pipes aud the reduction of 
the strain. 

'['he following dimensions of tlieWtst Staffordshire ovens 
htive been given by Mr Martin of Wolverhampton : — 
Length inside cashig . . .10 fwt. 

Breadth 7i „ 

Number uf siphon pipes . . Ifl „ 

Effective area of heating surface . . 700 sq. ft. 

Total area of fire giuto 35 „ 

an nveii of tln.'-u' rliinciiijiiiiis living rajiiiljle >>f hc:itin<! the Must fur 
four tuyeres to a temperature of 600° or 700^ Falir. 

The latest improvement of the hot-blast oven lias been 
the introduction of round ovens. The following example 
(fig. 10) i* takeil from a series described by Mr Marten. 



constructed under bis directions in 1S57. In this, two 
circular main lying pipes are used, and the siphon pipes 
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are arranged upon them in a circle, as shown in figure lb'. 
A large brick core is introduced, which increases the 
reverberatory action on the pipes, and maintains the tem- 
perature more uniform. The area of the fire-grate in this 
oven is 38 square feet, and the area of direct heating sur- 
face in the pipes 850 square feet. It is capable of heat- 
ing the blast for three tuyeres to 800° Fahr. In this 
furnace the horizontal expansion takes place almost en- 
tirely in the lying pipes, and has no effect in fracturing 
the siphons, so that the leakage and danger of fracture is 
reduced to a minimum. 

In regard to the consumption of fuel in these ovens, it 
is sometimes as much as 9 owts., and at others as low as 
5 cwts. per ton of iron produced in the blast furnace. 

Another hot-blast stovo, which has recently been em- 
ployed at Messrs Cochrane's works at Ormesby, near 
Middlu.sborough, has been described by Mr Cowper to the 
Institute of Mechanical Engineers. In this case a pair 
of stoves is used, the blast being turned alternately at 
intervals of an hour or two hours through each. They 
consist of brickwork chambers filled loosely with fire- 
brick or other refractory substance, and heated from the 
bottom by coal fires. The products of combustion pass 
upwards through the brickwork, beating it in passing 
till they emerge at the top and pass away to the chimney 
at a comparatively low temperature. After the chamber 
is thoroughly heated, the fire is shut off and the cold blast 
passed in, so that, passing downwards from the colder to 
the hotter part, it reabsorbs the heat imparted to the fire- 
bricks. Meanwhile the otheT stove is being heated in a 
similar way; and after two hours' work.more or less accord- 
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ing to the size of the stoves, the blast is turned into the 
BGcond stove, and the products of combustion allowed to 
reheat the first. 

The only means we possess at present of the working 
of these stoves will be found in Mr Cowper's paper. The 
following abstract gives the most interesting facts elicited 
during two months' working of a pair of these stoves, 
supplying a single tuyeTe with 1000 cubic feet of air per 
minute : — 

Cubic contents of fire-brick in stove, . . 350 feet. 
Heat of escaping gnscous products in chimney, 150° to 250° 
Temperature of blast after passing through the 

regenerative stove, .... 1300° 
Variation in the temperature of the blast during 

two hours' work, .... 100° to 150° 
Outside diameter of stoves, . .7 feet 0 inches. 

The prospective advantages of these regenerative stoves 
are greater economy from the use of cheap fire-brick sur- 
faces instead of the costly iron pipes, which are so apt to 
cause leakage at the joints and to deteriorate in use ; and 
the higher temperature attainable by the blast, owing to the 
fact that the heat is received direct from the surfaces heated, 
instead of being conducted througli a thick metal casing. 

The more diffi cult the reduction of the ironstone the 
smaller must be the diameter of the hearth, so as to en- 
able the blast to penetrate and circulate throughout the 
whole of its contents. In other conditions, where the ores 
are easily reduced, hearths of 9 feet diameter have been 
introduced with great advantage, and that without detri- 
ment to the quality of the iron produced. The diameter 
of the body of the furnace is likewise regulated by the 
quality of the materials used, and in cases where the coal 
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is culm or anthracite and the ore hard, a large diameter 
is found to work very irregularly; and the results have 
been, where furnaces have been erected 18 feet diameter, 
to have them reduced to only 9 feet. 

The height of the furnace is also regulated by the 
nature of the materials and the strength of tho blast by 
which they are reduced. Sometimes, when tho coal is 
soft, and crushes by the superincumbent pressure, it is 
bound or compressed to such an extent as to prevent the 
blast penetrating the mass, and causes an irregular work- 
ing of the furnace ; and, moreover, under these conditions, 
it makes what ia called white or silvery iron. 

The pressure of the blast requires also to be regulated 
to suit the materials, and, according to the workings at 
Coltness (shown in figs. 14 and 15), the pressure is about 
i lbs. on the square inch, and as much as 10,000 cubic 
feet of air is discharged into the furnace per miuute. 
The temperature of the blast is 600° Fahr., and tho area 
of the heating surface of the apparatus for raising that 
temperature is 3500 square feet. 

The quantity of materials to make a ton of iron at these 
works varies in some relative proportion to their densities ; 
but the following may be taken as a fair average of the 
consumption of fuel, ore, limestone, &c. :■ — 



Of raw coal, I 10 

Of calcined ironstone, . .117 

Of broken limestone, O 12 

Of coal for heaters, . .04 

Of coal for blowing engine, . .04 



With the above charges the furnaces will produce from 168 to 170 
tons pet week, or 8700 tona of good iron per annum. 

The usual proportion of materials for the smelting 
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furnace is, in Staffordshire, with the argillaceous ores, 3 
tons of coal and 15 or 18 cwt. of limestone to 1 ton of 
iron produced, tbe blast being heated to about 600°, and 
introduced under a pressure of 2i to 31 lbs. per square 
inch ; 2 to 3 tons of ores are needed to make 1 ton of 
iron, according to tbe richness of tbo ironstone. If we 
compare this with the Yorkshire cold-blast works, using 
coal and smelting similar ores, we find that, on the 
average, 4 tons of coal and 20 cwt. of limestone are re- 
quired to produce 1 ton of iron, the amount of ironstone 
needed being 3i tons. If, in this latter case, coke is used, 
the amount of fuel needed, however, is only 2$ to 3 tons, 
and 11 to 17 cwt. of limestone. 

In South Wales, at the anthracite furnaces, where, of 
course, hot-blast is employed, the burden is about 3 tons 
7 cwt. of argillaceous carbonate, 1 ton 15 or 1 ton 17 cwt. 
of anthracite, and 17 cwt. of limestone, to 1 ton of iron 
produced. 

In Scotland, with blackband ores, about 1 ton Hi cwt. 
of calcined ironstone is used to 21 tons of coal and 10 cwt- 
of limestone to produce one ton of iron, inclusive of the 
fuel needed for the hot-blast ovens, and blowing engine. 

Hot-blast Furnace. — Figs. 17, 18, and 19 show the 
general arrangement and the disposition of a hot^blast 
furnace, and the apparatus connected with it. J is the 
blowing cylinder, from which the air is forced into the 
receiver K, made of wrought-iron boiler plate ; from this 
it passes by the pipe L into the heating ovens, one of 
which is shown in section at M, and the pipe N conducts 
it, when heated, to the furnace. PPP are the tuyeres, 
FF tbe charging doors, E the tunnel-head. 
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With regard to the advantages and defects of the hot- 
blast process, much has been said on both sides, and the 
question does not appear by any means exactly settled. 
It is asserted, on the one hand, that iron reduced by the 
hot-blast loses much of its strength, whilst, on the other, 
it is contended that the quality of the iron is richer, more 
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fluid, and better adapted for general purposes than that 
produced by the cold-blast. The advocates of the hot- 
blast say that the process has increased the production 
and diminished the consumption of coal three or four fold ; 
and the upholders of the cold-blast maintain that the samo 
effects may be produced, to almost the same extent, by a 
judicious proportion of the shape and size of the interior 
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of the furnace, a denser blast, and greater attention on the 
part of the superintendent to the process. 

On these points it appears to us, that although the hot- 
blast has enabled the manufacturer to smelt inferior ores, 
cinder heaps, and other improper materials, and to send 
into the market an inferior description of iron, this is no 
reason for its rejection, but rather an argument in its 
favour. It is true that when a strong rigid iron is re- 
quired for such works as bridges or artillery, the somewhat 
uncertain character of hot-blast metal renders it objec- 
tionable, hut this appears to he due rather to careless- 
ness or want of attention in the manufacture than to the 
use of heated air or defects in the process. On the other 
hand, the hot-blast, by maintaining a higher temperature 
in the furnace, ensures more effectually the combination 
of the carbon with the iron, and produces a fluid metal of 
good working qualities, generally superior to cold-blast 
iron, in cases where great strength is not required ; and, 
moreover, we have yet to learn why even the strongest 
and most rigid iron cannot be made by this process. The 
comparative strength of hot and cold blast iron will, 
however, be given in another part of this treatise ; for the 
present it is sufficient to observe, that the results of the 
experiments are not unfavourable to the hot-blast iron, 
either as regards its resistance to a transverse strain, or its 
power to resist impact. 

Dr Clark, Professor of Chemistry in the University of 
Aberdeen, investigated the merits of the hot and cold 
blast process, in regard to the consumption of fuel, as early 
as 1834-5. He states, that after the hot-blast had been 
brought fully into operation at the Clyde Iron-Works, 
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" during the first six months of the year 1833, one ton 
of cast-iron was made by means of 2 tons 5J cwt. of coal, 
which had not previously to bo converted into coke ; 
adding to this 8 cwt. of coal for heating, we have 2 tons 
I3i cwt. of coal required to make one ton of iron. In 
1829, when the cold-blast was in operation, 8 tons 1| cwt. 
of coal had to be used. This being almost exactly three 
times as much, we have from the change of the cold-blast 
to the hot, combined with the use of coal instead of coke, 
three times as much now made from the same quantity of 
coal." Dr Clark adds the following statistics of the Clyde 
Iron-Works : — 
In 183!), the weekly produce of three furnacca, colli s:r .and cote bcin.c; 
used, mi 110 tons 14 cwt. ; and the average of coal to otic ton of 

In 1830, the weekly produce of three furnaces, cote, and air at 300° 
Fahr. being used, was 162 tons 2 cwL ; and the average of coal to 
one ton of iron was reduced to 5 tons 3 cwt. 1 qr. 

Id 1833, the weekly produce of four furnaces, raw coal, and air heated 
to 600" being used, was 245 tona ; and the average of coal to one 
ton of irnr: wns reduced to 2 tons 5 cwt. 1 qr. 

" On the whole, then, the application of the hot-blast 
has caused the same fuel to reduce three times as much 
iron as before, and the same blast twice as much." 

This decrease in the amount of fuel and blast required 
for the reduction of iron, Dr Clark accounts for by show- 
ing, that in an ordinary furnace, " 2 cwt. of- air a minute, 
or 6 tons an hour, are ejected into the furnace." This he 
considers " a tremendous refrigeratory passing through 
the hottest part of the furnace," and to a great extent 
repressing the temperature which is necessary for the 
complete and rapid reduction of the iron. 

Mr Truran considers that "writers on the hot-blast 
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have greatly exaggerated the effects of this invention on 
the iron manufacture of this country. If we are to believe 
the majority of them, the great reductious which have 
been effected within the last twenty-five years, in the 
quantities of fuel and flux to smelt a given weight of 
iron, and the large increase of mako from tho furnaces, 
is entirely owing to the use of this invention. That the 
hot-blast, under certain circumstances, has effected a 
saving in tho consumption of fuel, and also augmented 
the weekly make, we freely admit. But the saving of 
fuel, and increase of make due to its employment, is not 
generally one-fourth of the quantity which writers have 
asserted." Here Mr Truran is at issue with Dr Clark, 
and denies the cooling effect of a cold-blast. He attri- 
butes the effects of a heated -blast, " first, to the caloric 
thrown into the furnace along with the blast, enabling 
a corresponding quantity of coal to be withdrawn from 
the burden of materials, with a proportionate reduction 
in the, volume of blast, the effects of which are seen 
in an augmentation of the make, but do not result in 
any saving of fuel; secondly, to the reduced volume 
of blast and large proportion of caloric which it carries 
into the furnace, causing a diminished consumption of 
fuel in the upper parts of the furnace." Although we do 
'not agree with all Mr Tmran's strictures on tho hot-blast, 
the consumption of fuel in the throat is, nevertheless, a 
question well worthy of investigation. The combustion 
is of course largely increased by the narrow form of 
throat given to furnaces, which greatly increases the 
effect of the blast there, and accounts for the difficulty 
of using those kinds of coal, in the raw state, which 
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splinter if rapidly heated. If Mr Truran's conjectures 
lie correct, and it be found that, by increasing the area 
of the throat, raw coal and anthracite can be advanta- 
geously used with a cold-blast, the superiority of the 
hot-blast will not be so decidedly marked. This must, 
however, be determined by practice; as at present cer- 
tainly it is well known that the anthracite and splint 
coal can be used most effectively and economically with 
the hot-blast. 

Wo quote from one more authority on this subject. 
31. Dufrenoy, in his report to the Director- General of 
Minos in Franco, states, that upon heating the air pro- 
ceeding from the blowing cylinder up to G12" Fabr., a 
considerable saving in fuel was effected by the use of 
raw coal instead of coko, and that this caused no derange- 
ment of the working of the furnace or deterioration of 
tho iron produced. On the contrary, " the quality of the 
metal was improved, and a furnace which, when charged 
with coke, produced only about half No. 1 and half No. 2 
pig-iron, gave a much larger proportion of No. 1 after 
the substitution of raw coal. Besides this, the quantity 
of limestone was considerably diminished." This last 
circumstance, according to M. Dufrenoy, is duo to the 
increased temperature of the furnace, which fuses more 
readily the earthy matter aud other impurities in com- 
bination with the ores. 

To show the saving effected, M. Dufrenoy gives the 
quantities used in each of the experiments at the Clyde 
Iron- Works : — 

In 1829, the combustion being produced by mid air, the consumption 
for one ton of iron was — 
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Cos!— fur fusion, 3 tons of coke corre- 
sponding with . . . 6 13 
„ for blowing engine ... 1 0 

Total coal used 7 13 

Limestone 0 10i 

In 1831, the furnace being blown with air hented to 450° Fahr.— 

Coal — for fusion, 1 ton lfi cwt. coke, 
corresponding with 
„ for the hot-air apparatus . 
„ for blowing engine 
Total coal used . 
Limestone . . ■ 
In July 1833, the temperature of the Wast being raised to 612 Fu.br. 
and the fusion effected bj raw oral, the consumption per ton of iron 

Coal — for fusion 

„ for the hot-air apparatus 

„ for blowing engine . 
Total coal used . 
Limestone 



Since tliat time, the employment of a blast heated to 
800" or 900° has still further increased the weekly pro- 
duction and saving of fuel. 

It has been considered, and no douht with truth, that 
the introduction of the hot-blast has led to the reduction 
of inferior ores, and that tho deterioration commonly 
ascribed to hot-blast iron has arisen from that oause. To 
some extent this may be the case ; but we must look to 
another cause for many of the anomalous conditions of 
iron from the same furnaces. If it could be traced to the 
ores alone, there is at once a solution of the difficulty ; 
hut the use of raw coal and uncalcined ore, with an eleva- 
tion of temperature arising from the heated blast, and 
causing the reduction of a larger quantity of impurities, 
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has doubtless something to do with the variable products 
winch proceed from the process. Time, and the purifica- 
tion of the ores and fuel previous to smelting, appear to 
be essential to the production of good iron ; and hence it 
follows that the high temperature, together with the im- 
purities of the materia], is moro likely to produce iron of 
inferior quality than the old process with duly prepared 
ores and fuel. With this proviso, it does not appear that 
the hot-blast necessarily deteriorates the iron produced. 

The Gases formed in tftc Blast Furnace. — The subject 
of the gaseous products formed in smelting furnaces at 
various depths, has been studied with great care by 
Messrs Bunsen and Playfair ; and the results of their in- 
vestigations are to be found in a report addressed to the 
British Association in 1845. The apparatus they em- 
ployed consisted of a system of malleable iron tubes, 
connected together to a length of twenty-six foct, and 
balanced vertically over the smelting furnace, so as to 
descend gradually with the charges of iron and fuel. 
The tube sank three feet per hour at first, and more 
slowly afterwards. The gases were conveyed by a leaden 
tube to a convenient position, where samples were sealed 
in glass tubes for experiment. 

The furnace was supplied by a hot-blast, at a tempera- 
ture of 626° Fahr., at a pressure of 075 inches of mer- 
cury. The charge consisted of 420 lbs. of calcined iron- 
stone, 390 lbs. of coal, and 170 lbs. of limestone— the 
product of which is 140 lbs. of pig iron. The following 
results were obtained by eudiomctric analysis, showing the 
percentage composition of the gases obtained at depths 
from the charging platform, varying from 5 to 34 feet : — 
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Table of Analyses of Gases at Alfrdon. 



Depth under 1 
the top, in \ 
feet J 




8 








20 


23 


24 


84 


Nitrogen . . . 
Cartwnic acid, . 
Carbonic osido. 
Light carburet- 1 
tod hydrogen / 
Hydrogen . . 
Oloflant gas . 
Cyanogen . . 


25-oi 
8-76 
6-78 
0-13 
0-O0 


64-77 

1. -1L 

20-24 
8'23 
6-49 
0-86 
0-00 


52*5' 
2811 
4-67 
9-88 
OSS 
000 


B'10 
19-32 

6-64 
12-42 

1-67 

000 


05-49 
12-48 
18-77 
4-81 
7-62 
1-88 
0-00 


60-4) 
19-41 
4-40 

li-li! 

0-1R 


58-2J 
20-91 
1-64 
4-92 

o-ot 


56-76 
10-08 
2519 
2-38 
5-66 
0-00 


68-05 
0-00 

87-48 
0-00 
318 

0- 00 

1- 34 



The conclusions arrived at by Messrs Playfair and 
Eunsen, from a consideration of the above analyses, may 
be stated as follows : — 1st, That light carburetted hydro- 
gen being a product of distillation, the coking process 
extends to a deptli of twenty-four feet in the furnace, 
and the process of distillation of the., coal reaches its 
maximum at a depth of fourteen feet. The vapours of 
tar are decomposed in the upper part of the furnace. 2d, 
The quantities of carbonic acid and carbonic oxide are 
not mutually dependent. This is due to the subjection 
of the ore to a simultaneous process of reduction by the 
oxidation of the carbonic oxide, and of oxidation by tho 
steam escaping from the coal. The gases could not bo 
collected at a deptli lower than the top of the b6shes. If 
the reduction of the ore and evolution of carbonic acid 
from the limestone bad been completely effected above 
the point of the furnace to which they reached, tbe gases 
formed below would have contained their nitrogen and 
oxygen in tbe same proportion as in air, or as 79 2 : 20-8. 
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It will be seen that (his is not the case from the follow- 
ing table : — 



Depth in feet 


e 


S 


11 


Id 


17 


20 


23 1 24 


34 


Nitrogen 
Oxygen 


24-11 




79'S 
24-6 


79-2 

u» 


26-7 


-J.l" 


79 2 79 2 
2H-2 £7-7 


rs-a 



The constant proportion 79-2 to 27 at the 23 and 24 
feet proves that in hot-blast furnaces foci with coal the 
reduction of the iron and the expulsion of the carbonic, 
acid of the limestone takes place in the boshes of the 
furnace. This depression of the point of reduction so 
much lower than in the continental charcoal furnace 
Messrs Eunsen and Playfair attribute to the prolongation' 
of the coking process, and the consequent reduction of 
the temperature in the upper parts of the furnace. 

The following results have been obtained by Mr Ebol- 
man, who has investigated the same subject with care, and 
do not agree strictly with those obtained by the English 















„ 




Depth from topi 

int..t . . ; 


81 


81 


»f 


9i 


Ml 


19J 


97 


Tymp, 


Carbonic acid 
Carbonic oxido . 
Hydrogen . . . 
Carburetted hy-1 
drogon . . / 
Nitrogen . . . 


12-01 
24-65 
5-19 
0-98 


1 1 .fir 

28-86 
4-31 


4-14 
81-66 
8-04 
0-34 
00 D2 


4-28 
81-34 
2-77 
0-77 


85-Oi 
1-06 
0-86 


007 
86-47 
1-09 
0-81 


000 
1-1! 
0-10 


fj-nri 
89-86 
0-79 
0-25 


Totals .... 




LOO CK 


[MM* 


100-00 


100-00 


100-00 


100-00 


100-00 


Oxygen per 100 1 
nitrogen . . f 


42-6 


40-8 


82-7 


82-7 28-5 


28-2 


30-7 


36-8 


Carbon rapour, ) 
per 100 ni-t 
trogen . . J 


82*8 


81-7 




29-0 2S-5 


28-6 


30-7 


86-9 
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chemists. The first results are from a charcoal furnace 
at Clerval, working with cold-blast under a pressure of 
0'44 inches of mercury. The charges consisted of 253 
lbs. of charcoal, 307 lbs. of ores, and 254 lbs. of limestone.* 
I. Gas taken a short time after charging. II. Gas taken 
a quarter of an hour after charging. III. Gas obtained 
through a four-inch cast-iron tube. IV. Gas obtained 
by boring the masonry. "V. The same an Lour after. 
VI. Gas obtained by boring the masonry 3£ fcot above 
the tuyeres, and collected through porcelain tubes. VII. 
Gas obtained through gun-barrels lined with porcelain. 

The above results show a progressive diminution of 
carbonic acid, and a similar increase of carbonic oxide, 
till at 27 feet from the top the former is entirely absent. 

The following results were obtained at tbo coke furnace 
at Scraing, the blast being heated to 212°, and the charges 

















Depth from topj 


1 




4 




10 


10 


12 


46 


Carbonic acid 
Carbonic osidc . 
Hydrugen . . . 
Carburetted iiy- 1 
drogen . . J 
Nitrogen . . . 


11-39 
26-61 
2-71 
0-20 
67-00 


11-89 

as-* 

66-64 


li-P;- 

28-06 
0-97 

69-64 


i-r>- 
88-8! 

1-48 

62-40 


35-21 
1-72 
0-88 

61-07 


1-18 

85-8E 

0-29 


(HI 
36-30 
2-01 
0-25 
61-84 


(1-00 
la-Hi 

0-07 
64-68 




100 


[00-0 


100-00 


HXHH 


10CKN 


lO'H.'l 


1 00-00 


100-00 


Oxygen per 1001 
nitrogen . . / 




46-6 


40-0 


29-0 


30-2 


800 


29-9 


41-2 


Carbon vapour, "I 
per 100 ni-j 


8G-2 


86-7 


88-0 


29-4 


29-0 


800 


20-9 


41-S 



* Annnlea ties Mines, vol. xii., 1851. 
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consisting of 1434 lbs. of unroastcd ores, 1434 lbs. of forgo 
cinders, 948 lba. of limestone, and 1765 lbs. of coke : — 

I. and II. G-as obtained tlirougb iron tube, about 1 inch 
diameter. 

VI. Gas obtained by boring through the masonry 2 feet 
alxivo the tuyeres. 

This furnace was 50 feet high. Bbclman draws from 
"his experiments the following general conclusions : — 

That the amount of carbnretted hydrogen in the fur- 
nace gases is too small to affect the chemical reactions in 
the furnace. 

That the air thrown in produces successively carbonic 
acid and carbonic oxide at a small distance from the 
tuyere ; the former attended by a disengagement of heat; 
the latter by a re-absorption of the principal part pre- 
viously disengaged. The limits of the zone of fusion 
bear relation to this reaction. 

The ascending current of carbonic oxide and nitrogen 
produces these effects : it heats the descending column of 
minerals ; it becomes charged with volatile products dis- 
engaged from the fuel, the limestone, Ac, and it reduces 
the oxide of iron to the metallic state. 

The zone in which carbonic oxide exists alone is much 
more extended in coke than in charcoal furnaces. 

The discordance between these results and those ob- 
tained by Messrs Bunsen and Playfair, is attributed by 
Mr Ebelman to tho employment by the former of long 
and narrow iron tubes for collecting the gases, which, 
becoming intensely heated, and charged with dust pro- 
jected into them by the blast, modified the constitution of 
the escaping gases. 
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Utilisation of the Waste Products of the Blast Furnace. — 
The above investigations of Messrs Bunsen and Playfair 
led them to the conclusion that in tho furnaces at Alfreton 
81-5 per cent, of the fuel is lost in the form of combustible 
matter still fit Car use, or that 114 tons of coal are wasted 
in the twenty-four hours ; aud that these gases were 
capable of generating a temperature by their combustion 
sullicient to melt iron. 

In consequence, very many attempts have been made to 
collect these and apply them to useful purposes in gene- 
rating steam, or heating tho hot-blast oven, and to pre- 
vent their useless dissipation in the atmosphere. Proposals 
of this kind wero made as early as the latter part of the 
eighteenth century, as is shown by the records of the 
Patent Office. Perhaps the earliest rational plan of this 
kind was that of Meckenheim in 1842, who proposed to 
draw off the gases by pipes placed 10 or 15 feet below the 
tunnel-head, the compression of. the blast being sufficient 
to force them into tho pipes. This plan, with various 
modifications, has since been successfully adopted, the 
pressure of the gases beneath the surface of the materials 
having been found by Bunsen and Playfair to be — 

At 5 feet = 0'12 inch. At 20 fcet= 1-80 inch. 

8 „ =0-40 „ 23 „ =4-70 „ 

11 „ =1-10 „ 24 „ =5-10 „ 

14 „ =1-60 „ 

To enable the waste gases to be collected and applied 
to raising steam, heating hot-blast stoves, Ac., without 
detriment to the working of the blast furnace, it is neces- 
sary to withdraw them at an elevation where they have 
completed their work, yet at such a distance from the 
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mouth of the furnace that they may be extracted in a 
dry state, and before they come into contact with the 
atmosphere, so as to cause combustion. Tin's may be 
effected, cither by increasing 
the height of the blast-furnace, 
withdrawing a portion of the 
gases through apertures in the 
side, or, if the furnace be not 
too large, by closing the top of \ 
the furnace with a moveable 
door. Fig. 20 shows the first 
plan ; AA are the apertures 
through which the gases escape 
hy the chamber BB into the 
pipe C, which conveys them to 
the place where they are burnt. 

The requisite pressure for causing the gases to escape af 
AA is obtained by heaping the charges of fuel and ore to 
some height above them, and narrowing the upper part 
of the furnace. To prevent tlic admixture of atmospheric 
air, and the consequent ignition 
of the gases before their arrival 
at that point where their heat 
is to be utilised, the openings ! 
should be 10 or 15 feet below the 
surface of the materials. In this 
way a sufficient pressure is ob- 
tained to force the gases into 
the annular chamber BB, and 
through the pipe C. Fig. 21 




Fig. 21. 



shows another contrivance for the same purpose. A cast- 
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ing A A, in the shape of a truncated cone, is fixed at the top 
of the furnace, the small diameter downwards; the aper- 
ture in the bottom of this is closed by another conical 
casting B, supported by a chain and counterpoise weight ; 
this evidently shuts the mouth of the furnace, and the 
gases pass off by the pipe C. "When a charge is to be 
thrown in, it is emptied into the cone hopper AA. "When 
the charge is complete, the moveable cono B is lowered 
so as to enable the charge to pass between it and the 
edgesSof the hopper, when it is again raised, and the 
operations of the furnace proceed as before. This method 
of distributing the materials towards the periphery of the 
furnaco is said to ho favourable to its working, and the 
plan of closed tops has been most successful in South 
Wales. The gases are conveyed away by a three-feet or 
four-feet pipe, supplied with large valves to prevent 
danger from explosion, and applied citheT to heating the 
boilers of the Mowing-engine, or to heating the blast. 

In this country sufficient attention has not been paid 
to this economical practice, as compared with what has 
been done in other countries where fuel is expensive. It 
is no excuse that fuel is cheap, as in most cases the gases 
can be applied with economy, and their combustion tends 
to abate tbo serious nuisance of smoke. AVhen first at- 
tempted in Staffordshire, the means adopted so altered 
the working of the furnaces, and caused so much irregu- 
larity, that the plan was abandoned. Mr Blackwoll, who 
has very successfully utilised the gases in some cases, 
records an instance of the way in which this happened. 
In 1852 a furnace was placed under his direction, from 
which the gases were taken off for heating the blast, in 
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which he adopted a plan similar to that shown in fig. 21. 
The furnace with this arrangement worked regularly, and 
carried a good burden ; but white iron alone was produced. 
The burden was lightened, but the iron remained white. 
A yet further lightening of the burden was made ; but, 
although the cinder was exceedingly grey, still the iron 
was white. It became evident that a still greater pro- 
portion of coke would not produce the desired effect, and 
was, in fact, useless. The white iron was the effect of 
the closed top. It was found necessary to sacrifice the 
gases for the production of grey iron. The white iron 
had been caused by the pressure produced by the closed 
top, to which tho furnace was most sensitive. But, on 
the whole, no plan is so effective, or so little interferes 
with the working of the furnace, as that generally em- 
ployed in South Wales, and shown in fig. 21. 

It should also be stated, that in those furnaces in which 
coke is employed the waste gases may in a similar man- 
ner be rendered useful, by conducting the coking process 
in close ovens, and conveying the liberated gases to the 
steam-boilers, in place of the ordinary wasteful method of 
coking in the open air in large heaps. 

The crude pig-iron produced in the smelting furnace is 
assorted according to the degree and uniformity of its 
carburisation, and is classed by the ironmaster as No. 1, 
2, or 3, according to the amount of carbon it contains. 
No. 1 is most highly carburised, No. 2 less so, and so on 
to a No. 4, iron which iB sometimes produced. The car- 
bon combined with the iron gives it fusibility, but de- 
prives it of ductility. To render it malleable and capable 
of being welded, it must be deprived, as far as possible, of 
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all extraneous substances which have been mixed with it 
in the bias t-fu mace, more especially of carbon. 

The carbon exists in the cast^Ton in two fomis ; it is 
either combined with the iron chemically, or it is mechani- 
cally mixed with it in graphitic scales, which can bo 
perceived with a microscope. The amount of carbon in 
cast-iron varies from 2 to 4 per cent.; of this the greater 
part is graphitic in grey iron ; in mottled iron it is partly 
combined, partly graphitic ; aud in white iron it is wholly 
combined. Usually white iron contains less carbon than 
grey ; but this is not a constant characteristic. 

Manganese is present in cast-iron, being reduced in 
the smelting process to the extent of from 0*7 to 4 per 
cent, and on the average 2 per cent. A part of the silica 
of the ores is also reduced, and appears to form an alloy 
with the iron. The amount of silicium varies between 
the limits of 0'3 and 3 per cent., and appears to be greater 
in hot than cold blast iron, 

The sulphuret of iron in the ores and fuel is partly de- 
composed and carried of by smelting as sulphuret of cal- 
cium, and partly remains in the iron, rendering it red- 
short and injuring its tenacity. Mr Calvert, of Man- 
chester, has proposed to eliminate this injurious consti- 
tuent by the use of chlorides (by preference common 
salt) in the coking and calcining or smelting processes. 
Chloride of sodium has been used for a similar purpose hi 
the puddling process in Belgium. The amount of sul- 
phur varies up to 0-1 per cent., and in some cases to 
1 per cent. 

Phosphorus in the ores or fuel passes mostly into the 
east-iron, and has a most pernicious effect. It is believed 
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to render tho iron cold-short. Its amount varies up to 
1*5 per cent. 

Arsenic, aluminium, calcium, magnesium, sodium, po- 
tassium, and a few other metals, are occasionally found in 
cast-iron ; but their influence on its strength and other 
properties is very little understood. 

To prevent the contamination of the crude metal by the 
impurities of the fuel employed, Dr Gurlt, of Prussia, has 
proposed a system of smelting similar in principle to that 
of the Silesian puddling furnaces, which will bo described 
in the next chapter. He proposes to convey the roasted 
ore, after crushing, into a cupola, the lower portion of 
which communicates with two cIobg ovens or gas gene- 
rators, in which any kind of fuel is submitted to a slow 
process of distillation and imperfect combustion, so as to 
produce carburetted hydrogen, carbonic oxide, &c. These 
gases, on passing into the cupola, are ignited by contact 
with a stream of air supplied by a blast, and the heat is 
raised to a temperature calculated to effect the reduction 
of tho ores. In this way the iron is smelted without ever 
coming in contact with the impurities of the fuel. Tho 
subject is an important one, aa there are abundance of 
spathic, hematite, and specular ores to supply a very 
fine Quality of iron, if they could be reduced without 
being contaminated by the unavoidable impurities of coal, 
coke, or limestone. A great deal has yet to be accom- 
plished in this way, and the subject is well entitled to 
the close attention of our best analytical chemists. 
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THE CONVERSION OF CRUDE INTO MALLEABLE IKON. 

The conversion of the carburised crude iron, obtained 
from the blastfurnace, into malleable or wrought iron, is 
effected by several operations of an oxidising character, 
in which it is sought to separate, in the gaseous state, the 
carbon contained in the iron, by combining it with oxygen, 
whilst the other metals alloyed with the iron, and the 
phosphorus, pass into tho elag.* 

MetJiods of Conversion with Charcoal and Coke Iron. — 
In reference to subsequent operations, the iron produced 
in the smelting furnace may bo divided into two kinds — 
that reduced by charcoal, and that reduced by coke or raw 
coal. "When charcoal iron has to be converted by char- 
coal, as in Sweden, it is decarburised in the charcoal 
refinery, with or without an intervening process. Where 
coal can be obtained, however, it is now usually converted 
by the process of puddling. Pig-iron produced by coke 
or coal is converted into malleable iron cither by decar- 
burisation in the refinery or oxidising hearth, and sub- 
sequent puddling, or it is converted at once in the pud- 

* Seo Mr BlnckitcU's paper, On the Iron Industry of Great Britain, rend 
before the Society of Avis. 
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dling furnace by the process of boiling, which is equally 
effective, and is now more generally practised. 

This last process, as the ono most generally adopted in 
this country, deserves a special notice, and we are fortu- 
nate in having before us the particulars of the manner in 
which it is conducted by Messrs Eushton and Eckersley 
of Bolton, kindly furnished by Mr Itushton, the senior 
partner of the firm. This establishment is probably one 
of the most modern and complete of the kind in the 
kingdom. ; it is one that has spared no expense in the 
application of useful inventions, and has kept pace with 
every improvement that has taken place in the manu- 
facture of bar and plate iron for the last fifteen years. 

The machinery and appliances at these works consist 
of— 

6 Steam-engines, of 180 total nominal HP. 

2 Five-ton and 2 fifty-ewt. ateam-hammers. 

3 Helve-hammers. 

1 Set of puddled iron rolls. 

1 Set of boiler-plate rolls. 

1 Merchant train and balling mill. 
16 Puddling furnaces. 
14 Balling aud scrap furnaces. 
And other machinery, such BI plate and bar shears, lathes, &c. 

Since in all processes of converting, the carbon of the 
crude metal has to be oxidised and got rid of, prima fadt. 
it would appear that whilst the highly carhuriscd pig-iron 
is the most suitable for casting, that containing least 
carbon is best adapted for conversion into malleable iron ; 
hence, in the trade, the crude iron is divided into foundry 
and forge pigs. 

The pigs, however, in which carbon most predominates, 
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and which, as a rule, have been least contaminated with 
other impurities during the process of smelting, are in 
many respects preferable for the manufacture of wrough t- 
iron ; up to this time, however, great practical difficulties 
have attended the decarburisation of iron containing so 
much carbon, and the white or foTge iron isalmost always 
preferred, measures having been taken for depriving it of 
the metals and earthy impurities not separated in the 
blast furnace. 

The Bcjtning Process, — With regard to the process of 
refining, we may observe, that the crude iron is melted 
in a hollow fire, aud partially decarburised by the action 
of a blast of air forced over its surface by a fan or blowing 
engine. The carbon having a greater affinity for the 
oxygen than for the iron, combines with it, and passes off 
as gaseous carbonic oxide or carbonic acid. During this 
process, a portion of the Bilicum, &c., is fused out, and 
separated from the iron. It is obvious from the above 
that the iron to be refined, being placed in contact with 
fuel at a high temperature, is liable to be deteriorated by 
the admixture of sulphur and other impurities of the fuel ; 
and as the iron is only partially exposed to the action of 
the blast, the operation is necessarily, under these circum- 
stances, imperfect, From the refinery the metal is run 
out into large moulds, and is then broken up into what 
is technically distinguished as " plate metal." 

Mr Clay has tried with somo success a process of refin- 
ing, in which the molten crude iron is allowed to fall in 
minutely divided streams from the top of a tower con- 
structed on the principle of those in which lead is granu- 
lated for shot. The carbon is effectually burned off dor- 



THE PUDDLING PROCESS. 



91 



ing its fall, owing to the minutely divided condition of the 
metal, and it is further purified from sulphur and phos- 
phorus by being received in a vessel of water. 

The Puddling Process. — The process of puddling suc- 
ceeds that of refining ; and in this operation the reveT- 
beratory furnace is employed, with the fire separated by 
a partition or bridge from the hearth, on which is placed 
the metal to he puddled. By this arrangement the flame 
is conducted over the surface of the metal, creating an 
intense heat, though the deleterious portions of the fuel 
cannot mix with the iron. Fig. 22 shows the form of 
the reverheratory furnace in section. It consists exter- 
nally of an oblong casing of iron plates, firmly bound 
together hy iron tie-bars, and lined with fire-brick. A 
is the fire grate, separated from the body of the furnace 
E by a bridge, over which the heated products of com- 
bustion, with a surplus of oxygen, play upon the surface 
of the molten metal, and effect its conversion, and thence 
pass to a lofty chimney K, ovor the top of which is sus- 
pended a metal plate, by which the draught can be 
regulated to a nicety. The body of the furnace E is 
dish-shaped, and constructed of cast-iron plates, the sides 
being in some cases hollow blocks, through which a 
stream of water or air is made to circulate to retard their 
deterioration by the heat. The free access of air to the 
under side of the plate forming the bottom, in a similar 
manner conserves that part. The puddler effects his 
operations through a door balanced hy a lever and weight, 
so as to open or close with ease. In some furnaces the 
charge of iron, weighing about 4 cwts. before its introduc- 
tion into the puddling furnace, is raised to a red heat in a 



92 



IRON MANUFACTURE. 




Digiiizad By Google 



THE BOILING PROCESS. 93 

as to expose, as far as he is able, the whole of the charge 
to the action of the oxygen passing over it from the fire. 
By this moans the carbon is oxidised, and the metal is 
gradually reduced to a tough, pasty condition, and sub- 
sequently to a granular form, somewhat resembling heaps 
of boiled rice with the grains greatly enlarged. In this 
condition of the furnace, the cinder or earthy impurities 
yield to the intense heat, and flow off from the mass over 
the bottom in a highly fluid state. 

At intervals in the procesE, portions of oxides of iron, 
hammer scales, scoria;, and in some cases limestone and 
common salt, are thrown upon the molten iron, and form 
a fluid slag, which assists in oxidising the carbon, and re- 
moving as silicates, &c, the magnesia, sulphur, and other 
impurities of the iron. 

The iron at this stage is comparatively pure, and quickly 
becomes capable of agglutination ; the puddlor then col- 
lects the metallic granules or particles with his rabble, and 
rolls them together, backwards and forwards, over the 
hearth, into balls of convenient dimensions (about the 
size of thirteen-inch shells), when he removes them 
from the furnace to bo subjected to the action of the 
hammer or mechanical pressure necessary to give to the 
iron homogeneity and fibre. This double process of re- 
fining and puddling has universally been employed till 
recently ; but improvements have rendered it simpler, and 
the refining process is now very generally abolished. 

The Boiling Process. — Shortly after the employment 
of the puddling process, it was found advantageous to mix 
a portion of crude iron with the refined plate metal, the 
expense of the process of refining being saved upon the 
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iron used in the crude state ; and trusting to the decar- 
burising effects of the puddling furnace, it was found that 
the refining process may be altogether dispensed with, if 
crude iron containing a proportion of oxygon and very 
little carbon was employed. In this single process it is 
to be observed, that as all tlio carbon has to bo got rid of 
in the puddling furnace, the evolution of gas is much 
more violent, the fluid iron boiling and bubbling ener- 
getically during the period of its disengagement ; and 
hence the operation has acquired the popular name of the 
" boiling" process. 

In this operation the pig-iron when melted is more 
iluid, on account of containing a greater proportion of 
carbon than the metal from the refinery, and requires 
more labour iu stirring it about and submitting it to the 
action of the current of air ; the process, moreover, is at- 
tended by a greater waste of iron than puddling either 
plate or crude iron and plate mixed, but not so great a 
loss as in the two operations of refiniug and puddling. 
It must, however, bo admitted that the superior fluidity 
of the iron in the boiling process has a more injurious 
action on the furnace. Notwithstanding these objections, 
the system of boiling without the intermediate process of 
refining has been gaining ground for the last ten years, 
and in many places has entirely superseded the use of the 
refinery ; recent events have therefore led to the con- 
clusion, that in a short time the refining process will have 
become a thing of the past. 

At Messrs Rushton and Eckersley's works, a small pro- 
portion of Cumberland hematite ore, or peroxide of iron, 
" is mixed with the pig iron to be converted, as it is found 
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to assist in the process of boiling by supplying oxygen in 
the molten mass, and in other respects facilitating the 
process, and increasing the yield and improving the qua- 
lity of the metal. 

Numerous attempts have been made to secure a more 
scientific and perfect decarburisation of the crude iron, 
but without success. One improvement, however, patented 
in 1854 by Mr James Nasmyth, gives promise of making 
the boiling process as nearly perfect as we may hope to 
see it. It has been in use for two years at the Bolton 
Iron-Works, and from its constant employment in the 
puddling furnaces of that establishment, it lias given 
direct proof of its utility, and is gradually extending itself 
among the large manufacturers as its advantages become 
known. 

The invention consists of the introduction of a small 
quantity of steam, at about 5 lbs. pressure per square inch, 
into the molten metal as soon as it is fused. As the oxygen 
of the steam has at that high tomperaturo a greater affi- 
nity for carbon than for the hydrogen with which it is 
combined or for the iron, the carbon is rapidly oxidised 
uff. The liberated hydrogen has no affinity for the iron, 
hut unites with sulphur, phosphorus, arsenic, &c. — sub- 
stances very injurious to the quality of the iron, if present 
even in minute quantities, and yet frequently found in the 
ores and fuel. 

The steam has also a mechanical as well as a chemical 
action on the iron. Being introduced at the bottom of 
the furnace,- and thence diffused upwards, it violently agi- 
tates the iron, and causes the exposure of fresh surfaces 
to the oxygen passing through the furnace. 
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The mode of operating is as follows: — The steam is 
conveyed from the boiler to a vertical pipe fixed near the 
furnace door, having at its lower end a small tap or 
syphoD, to let off the condensed steam, and prevent its 
being blown into the furnace. A cock with several jointed 
pieces of pipe are fastened to the flange of the vertical 
pipe, so as to form, as it were, jointed hrackct pipes, 
somewhat similar to those of gas pipes, which allow free 




Fig. 23. 



motion in every direction, as in the annexed sketch, in 
which A, fig. 23, is the reverberatory furnace, a the 
vertical steam pipe communicating with the boiler, b the 
tap or steam cock, cc the elbow-jointed tubes, CC the 
handle, and DD the steam tube or rabble, bent at the end, 
so as to inject the steam on the liquid metal GG-. This 
apparatus is introduced into the furnace immediately the 
iron is melted, the puddler moving it slowly about in the 
molten iron, while the steam pours upon it through the 
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bent end of the tube. In the course of from five to eight 
minutes the mass begins to thicken, the steam pipe is 
withdrawn, and the operation finished in the ordinary way 
with tho common iron rabble. The time saved by this 
process in every operation, or heat, as it is technically 
called, averages from ten to fifteen minutes, and that 
during the hottest and most laborious part of the ope- 
ration. 

By means of this apparatus, the highly carburised pig 
iron, which is the most free from impurities, is rendered 
malleable in one furnace operation, without the deterio- 
rating adjuncts of the refining and puddling process as 
ordinarily practised ; in this operation no deleterious sub- 
stance can combine with the iron, whilst in the refinery 
process the mixture of the fuel and metal is liable to de- 
teriorate the latter with sulphur, silieum, &c. Ibis new 
process, it is affirmed, has a beneficial effect in purifying 
the iron with greater economy and rapidity than any other 
process witb which we arc acquainted. 

Sileeian Gas Puddling Furnaces. — Irrespective of the ' 
improvements just described, there is another which is 
extensively used on the Continent, denominated tbo Sile- 
sian gas furnace. For a drawing and explanation of this 
furnace we are indebted to Mr Anderson, inspector of 
machinery at the arsenal, Woolwich. The following draw- 
ing, fig. 24, will explain the new Silesian furnaces which 
are used in the manufacture of iron in that country, in 
place of our reverberatory air furnaces, and are said, on 
good authority, to be a very great improvement, not only 
in regard to the entire prevention of smoke and the eco- 
nomy of fuel, but also in simplifying the wrought-iron 
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manufacture, and enabling a less Bkilled class of workmen 
to manage tho furnaces. 

Their general character is that of a reverbcratory fur- 
nace, the fireplace of which is replaced by an ohlong 
chamber, 4 feet by C feet, and denominated the Gas- 
generator, which may be described as a close brick cham- 
ber with an opening at the bottom for the admission of 
air from a fan, by means of which the gases are driven 
out of the chamber into tho furnace amongst the iron to 
be heated. At the point where the gases enter the fur- 
nace, a series of tuyeres are provided for tho admission of 
air from the same fan. The pipes 'that convey the air 
and the gas from the retort to the tuyeres are both pro- 
vided with valves, in order that the attendant may modify 
the quantity from either source, so as to obtain any in- 
tensity of flame the work may require, and also to produce 
perfect combustion, thus placing the entire action of the 
furnace under complete control. It is about eleven years 
sinco these furnaces were first introduced ; and notwith- 
standing the prejudices that were naturally raised against 
them, they are said to he now extensively adopted in the 
"Silesian district, and in great favour with both the master 
and the workmen. 

In this description of furnace there appear to be four 
great advantages over the air-furnace — 

1st, The entire absence of smoke, in consequence of 
complete combustion. 

2d, The saving of upwards of 33 per cent, in fuel, from 
the whole of the gaseous products being made available, 
and there being no necessity for the flame to pass up the 
chimney to produce draught, as in the case of the revejbe- 
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ratoiy furnace, -which requires an inordinate supply of fuel 
as compared with what is wanted to ■work the fan. 

M, The absolute control the attendant has over the 
furnace, as regards the temperature and tho simplicity 
with which it can be worked. Its operations in this 
respect are, according to those who have seen it at work, 
so perfect as to he as precise in its action as a machine. 

ilk, The iron is preserved from contact with tho ash 
and impurities of the fuel. 

Mr F. A. Abel, who saw these furnaces at work at the 
Government Iron Works in Upper Silesia, describes the 
process of refining in the following way : When the charge 
of iron on the hearth is ascertained to bo thoroughly fused, 
a small quantity of crushed limestone is thrown over its 
surface, and two tuyeres are then introduced into tho 
furnace at an angle of 25° through an opening on each side 
of the hearth, not far from the bridge. The width of the 
nozzle employed depends on the power of the blast used ; 
the air rushing from these tuyeres impinges with violence 
on the iron, and, the two«currents meeting, an eddying 
motion is imparted to tho fused metal. In a short time 
the motion produced in the mass is considerable ; the 
supernatant slag is blow aside by the blast, and the sur- 
face of iron thus exposed undergoes refinement, while it 
changes continually, the temperature of the whole mass 
being raised to a full white heat by the action of the air. 
The iron is also stirred occasionally, in order to insure a 
proper change in the metal exposed to the aetion of the 
blast. A shovelful of limestone is occasionally thrown in, 
the total quantity used being about 1 per cent, of the iron 
employed. The duration of the treatment in this furnace 
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after the fusion of the metal, with a charge of 40 cwt., 
varies from two and a half to five hours, according to the 
produce to he obtained. When the charge is to be with- 
drawn from the furnace, the side tuyere nearest the tap- 
hole is removed, so that the blast from tho opposite 
tuyere may force the metal towards the hole. The fluid 
iron, as it flows from the tap-hole, is fully white hot, and 
perfectly limpid. It chills, however, very rapidly, and 
soon solidifies. 

From this description it would appear that the iron- 
masters of this country have not made themselves ac- 
quainted with these improvements; but having some 
knowledge of the efficiency and existence of this process, 
we would earnestly recommend it to their attention, as 
an invention in more respects than one entitled to con- 
sideration. 



CHAPTER VX 



THE MECHANICAL OPERATIONS OF TnE WROUGHT-IRON 
MANUFACTURE. 

The mechanical operations connected with the manu- 
facture of wrought-iron consist of shingling, hammering, 
rolling, &c, to which we may add the forging of " iises," 
that is, the forging of those peculiar forma so extensively 
in demand for steam-engines, steam-boats, railway car- 
riages, and other worts, which has lately become a large 
and important branch of trade. 

In tracing the whole of the processes in the manu- 
facture of wrought-iron bars and plates, it will not bo 
necessary to enlarge on those practices which have been 
superseded by more modern and improved machinery. 
Suffice it then to observe, that the puddled balls have 
to be shingled or fashioned into oblong slabs or blooms by 
the blows of a heavy forge-hammer. During this opera- 
tion, the scorice and impurities which adhere to the balls 
aro separated from the blooms by the force of impact, 
and then by a series of blows the iron is rendered malleable, 
dense, and compact. The blooms are then passed through 
a series of grooved iron rollers, which reduce them to the 
form of long, slender iron bars, called puddle bars. These 
are cut up and piled regularly together or faggotted, and 
brought to a welding heat in the heating or balling fur- 
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nace, when they are again passed several times through 
grooved rollers, and by this latter process are mada into 
bars or plates ready for the shears. 

In order to arrive at a clear conception of the mechani- 
cal operations employed in the manufacture of iron, it will 
bo necessary to describe more at length the processes as 
at present practised, with the improved and powerful 
machinery now employed; and as much depends upon 
the application of the motive power, the steam-engine 
claims the first notice. Until of late years, the vertical 
steam-engine was invariably used for giving motion to 
the forge-bammer and rolling-mill, which were placed on 
one side of the fly-wheel and the crank on the other ; but 
the high -pressure non-condensing engine is found to be 
decidedly preferable, as the waste heat passing off with 
the products of combustion from the puddling and beat- 
ing furnaces is quite sufficient to raise the steam for 
working the rolls and one of Brown's bloom squeezers, as 
shown in the following drawing. 

In this arrangement the cylinder A (figs. 25 and 26), 
is placed horizontally, and is supplied with steam from 
boilers near the puddling furnaces. The piston rod and 
slides B, and connecting rod C, give motion to the crank 
shaft D, on which is fixed a heavy fly-wheel E. The 
puddling rolls F F arc driven direet from the end of the 
fly-wheel shaft, being attached to it by a disengaging 
coupling C ; the bloom-squeezers II are driven by a train 
of spur wheels GG-. Under the lower rolls of the 
squeezers a Jacob's ladder or elevator I is fixed, for raising 
the block which has been deprived of its impurities, and 
reduced to an oblong shape by passing between the rollers 
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of the squeezer. The block, on leaving the rollers, is 
carried in front of ono of the projecting divisions of the 
ladder I, and thrown on to the platform in front of the 
rolls F F ; the workman then seizes it with a pair of 
tongs, and forces it into the largest groove in the rolls ; it 
is then passed in succession through the other grooves 
till it attains the required form of the bar. 

Shtiujliiig. — The old method of shingling the puddle 
balls, and one still much practised from its simplicity, 
was to Teducc them to shape by a heavy hammer called 
the forge-hammer or helve, shown in hg. '27. It consists 




Fig. 27. 



of a heavy mass of iron, A, resting on a pivot at one end, and 
lifted by projecting cams on a revolving wheel, B, at the 
other ; between these points, and nearer the front, is the 
anvil, on which the puddler's bail is thrown to receive a 
rapid succession of strokes, which force out the impurities, 
and reduce it to a form suitable for insertion between 
the rolls. 

The squeezer has also been used for the same purpose, 
consisting of two massive jaws worked by a lever and 
crank, between which the ball is moulded by severe pres- 
sure to the necessary form. The squeezer is, however, 
alleged to have the effect of lapping up cinder in the 
iron to a greater extent than in the case of the forge- 
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hammer. Fig. 28 shows one form of this instrument, 
sometimes called the Alligator, from its resemblance to 




the month of that animal, where it will he observed that 
the puddle ball is reduced in size hy being rolled by the 
puddler to the back part of the jaws, where the leverage 
is more powerful, as its diameter decreases. 

One of the most perfect machines of this class is Brown's 
bloom-squeezer already alluded to, and shown in figs. 29, 
30, and 31, which sufficiently explain how the heated ball 
of puddled iron, K, thrown on the top, is gradually com- 
pressed between the revolving rollers as it descends, and at 
last emerges at the bottom, where it is thrown on to the 
moveable "Jacob's ladder," I, fig. 26, by which it is elevated 
to the rolls, as already described. This machine effects a 
considerable saving of time ; it will do the work of twelve 
or fourteen furnaces, and maybe kept constantly going as 
a feeder to one or two pair of rollers. There are two 
distinct forms of this machine — one as shown in fig. 29, 
where the bloom receives only two compressions ; and the 
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otherj which is much more effective, where it is squeezed 
four times before it leaves the rolls and falls upon the 
Jacob's ladder, as exhibited in figs. 30 and 31. 




F%. 29. 



There is another machine for preparing the blooms by 
compression, namely, a table firmly embedded in masonry, 
as shown at A A, in fig. 32, with a ledge rising up from 
it to a height of about two feet, so as to form an open 
box. Within this is a revolving box 0, of a similar cha- 
racter, much smaller than the last, and placed eccentri- 
cally in regard to it. The ball or bloom D is placed 
between the innermost revolving box C and the outer 
case A A, where the space between them is greatest, and 
is carried round till it emerges at B, compressed and fit 
for the rolls. 

The bloom, after leaving the hammer or squeezer, is at 
onoe placed in the rolling-miil (fig. 33). This consists 
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of massive grooved rollers connected by toothed pinions, 
and put in motion by the steam-engine. The rollers are 
fixed on massive framing, which has to support a pro- 




Pis- 80. 

digions strain, as the bloom is sucked in, and compressed , 
and elongated as it passes through. The bar so formed is 
passed through a succession of similar grooves, decreasing 
in size till it is reduced to about four inches wide, tliree 
quarters of an inch to an inch thick, and ten or twelve 
feet in length. In this state it is called a. puddle-bar, 
and is taken to the shears, cut into pieces, piled into a 
second bloom or pile as it is then called, heated in a 
roverberatory furnace to a welding temperature, brought 
under the hammer, and a second time rolled. The bars 
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produced by this second process arc called mercli ant-bars ; 
or the bloom may have been rolled into plates ; or lastly, 
instead of being rolled at all, it may have been brought 




S/ig. 31. 



under the steam-hammer and forged into " uses," or those 
variously shaped masses of wrought-iron which are em- 
ployed by the engineer and millwright. 

Advantages of the Horizontal Engine. — We have stated 
that the horizontal, non -condensing steam-engine, from its 
compact form and convenience of handling, is admirably 
adapted for giving motion to the machinery of iron-works. 
For this object it is superior to the beam-engine, as its 
speed can be regulated with the greatest nicety, by open- 
ing or shutting the valve, so as to suit all the require- 
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ments of tlio manufacture, under the varied conditions of 




the pressure of the steam, and 
the power required for rolling 
heavy plates or bars, or those of 
a lighter description. It is also 
much cheaper in its original cost, 
and all its parts being fixed upon 
a large bed-plate, requires a com- 
paratively small amount of ma- 



Fig. 32. sonry to render it solid and secure. 

Rolling-mills. — In regard to the manufacture of the 
rollers for tho puddling, boiler-plate, and merchant train, 
the greatest care must be observed in the selection of the 




iron and the mode of casting. In Staffordshire there are 
roller- makers, but in general the manufacturer casts his 
own; and as much depends upon the metal, the strongest 
qualities are carefully selected and mixed with Welsh 
No. 1 or No. 2, and Staffordshire No. 2. This latter 
description of iron, when duly prepared, exhibits great 
tenacity, and is well adapted, either in the first or second 
melting, for such a purpose. In casting, the moulds are 
prepared in loam, and when dry are sunk vertically into 
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the pit to a depth of about five feet below the floor. The 
moulding-box is surrounded by sand firmly consolidated 
by beaters, and a second mould or head is placed above 
it, which receives an additional quantity of iron to 
supply the space left by shrinking, and keep the roll 
under pressure until it solidifies, and thus secures a great 
uniformity and density in the roller. The metal is run 
into the mould direct from the air furnace by channels 
cut in the sand ; and immediately the mould is filled, the 
workman agitates the metal with a rod, in order to con- 
solidate the mass and get rid of any air or gas which may 
be confined in the metal. This stirring with iron rods is 
continued till the metal cools to a semifluid state, when 
it is covered up and allowed slowly to cool and crystallize. 
This slow rate of cooling is necessary to favour a uniform 
degree of contraction, as the exterior closes up like a series 
of hoops round the core of the casting, which is always 
the most porous and the last to cool. In every casting of 
this kind, it is essential to avoid unequal contraction ; and 
this cannot bo accomplished unless time is given for the 
arrangement of the particles by a slow process of crystalli- 
zation. Eollera for boiler-plates and thin sheet-iron are 
difficult to cast sound, on account of their large size. 
They are subjected to very great strain, and require to be 
oast from the most tenacious metals. The bearings or 
neck should be enlarged, or turned to the shape shown 
at A A, and the cylindrical part r-T ~ [-- 
B, for plate-rolls, should be slightly ^ ' 



first passed through the rollers, it comes in contact with 
a small portion only of the revolving surface. The central 



concave ; because, when the slab is 
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parts of the roller thus become highly heated, whilst their 
extremities are perfectly cool. The consequence is, that 
the expansion of the roller is greatest in the middle ; and 
unless this be provided for by a concavity in the barrel, the 
plates become buckled, that is, both warped and uneven 
in thickness, and, consequently, imperfect and unlit for 
the purposes of boiler-making. Bar rolls are generally 
cast in chill, and great care is required to prevent the 
chill penetrating too deep, so as to injure the tenacity of 
the metal and render it brittle. 

There are different kinds of rolling-mills used in the 
iron manufacture, and they vary considerably in their 
dimensions, according to the work they have to perform. 
The first, through which the puddled iron is passed, we 
have already described as pudd ling-rolls. Thcro are 
others for roughing down, which vary from 4 to 5 feet 
long, and are about 18 inches diameter; those for mer- 
chant bars, about 2 feet 6 inches to 3 feet long, and 
18 inches in diameter, are in constant use. The boiler- 
plate and black sheet-iron rolls are generally of large 
dimensions ; some of them for large plates are upwards 
of 6 feet long and 18 to 21 inches in diameter ; these 
require a powerful engine and the momentum of a large 
fly-wheel to carry the plate through the rollers ; and not 
unfrequently when thin wide plates have to be rolled, the 
two combined prove unequal to the task, — and the result 
is, the plates cool and stick fast in the middle. The 
greatest care is necessary in rolling plates of this kind, as 
any neglect of the speed of the engine or the setting of 
the rolls results, in the breakage of the latter, or bringing 
the former to a complete stand. 
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Tbe speed of the different kinds of rolling-mills varies 
according to the work they have to perform. Those for 
merchant oars make from CO to 70 revolutions a minute, 
whilst those of largo size, for boiler-plates, are reduced to 
28 or 30. Others, such as the finishing and guide rollers, 
run at from 120 to 400 revolutions a minute. In Staf- 
fordshire, where some of the finer kinds of iron are pre- 
pared for the manufacture of wire, the rollers are generally 
made of cast-steel, and run at a high velocity. Such is the 
ductility of this description of iron, that in passing through 
a succession of rollers, it will have elongated to ten or 
fifteen times its original length, and, when completely 
finished, will have assumed the form of a strong wire jf to 
{ of an inch in diameter, and 40 to 50 feet in length. 

A high temperature is an indispensable condition of 
success in rolling. The experience of the workman 
enables him to judge, from the appearance of tho furnace, 
when the pile is at a welding heat, so that, when com- 
pressed in the rolls, the particles will unite. Sometimes 
it is necessary to give a fine polish or skin to the iron as 
it leaves the rolls ; but this can only be done when the 
iron cools down to a dark-red colour, and by the practised 
eye of an intelligent workman. 

Shearing. — The above operations would still bo incom- 
plete, unless the ironmaster had means of cutting the 
bars and plates to any required size and shape. The 
machinery for this purpose has of late been brought to a 
high degree of perfection, both in regard to power and 
precision. 

Tbe circular saw has been successfully applied for 
squaring and cutting the larger descriptions of bars, and 
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iloes ita work, particularly in railway bars, with almost 
mathematical precision. This machine consists of a cast- 
iron frame or bed AA, fig. 35, bolted down to a solid 



foundation, on the ends of which slide two frames, B B, to 
support the bar to bo cut, The two circular saws or 
cutters, C C, are driven by straps passing over the pulleys 
D E, and rotate at tho rate of S00 to 1000 revolutions per 
minute. The machine is set in motion hy transferring 
the straps from the loose pulley D to the fast pulley E ; 
and as soon as the required speed is attained, the frame 
BE is carried forward, and the bar FF along with it, by a 
lever G- or eccentric motion, till the bar is cut through. 
The rate of cutting or pressure upon the saws may be 
regulated either by hand or weight ; care must however 
be taken not to allow the saws to become too hot, and this 
is provided against by running them in a trough of 
water. By this process it is evident that the bar must 
always bo cut square at the ends and correctly to the 
same length. We are informed that the circular saw for 
cutting railway bars is frequently driven by the Eolipile 
or Hero's engine, by which a speed of 2000 revolutions a 
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minute may be attained without the intervention of multi- 
plying gearing. 

A great variety of shears are used for cutting iron, 
some driven by cams or eccentrics, and some by connect- 
ing rods and a crank on the revolving shaft. In large 
iron-works it is necessary to have two or three kinds, some 
for cutting up scrap iron and bars for piling, and others 
for boiler-plates. Of the first we may notice two : one, 
shown in fig. 36, cuts on both sides at A A, and is driven 




Fig. 86. 

by a crank and connecting-rod B. This machine is 
chiefly used for cutting puddled bars from tho puddling- 
rolls, or any work required for shingling. The nest 
machine, fig. 37, roceives motion in tho same manner, 
and also cuts on both sides, the cutters being fixed on the 
lever and moving with it. This is used for the same 
purpose as the last, and likewise for cutting scrap iron. 
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These machines are extensively used in the manufacture 
of iron ; and before tho introduction of the plate shears, 




they were used, with some modifications, to cut boiler- 
plates, but the work was very imperfectly executed. 

The demand for plates of large dimensions ami greatly 
increased weight, such as those for the front and tube 
plates of locomotive and marine boilers, and those for 
tubular and plate bridges, created great difiiciillics, not 
only in piling, heating, and rolling, hut also in catling 
the plates accurately to the required size. To meet these 
demands, and more particularly for the manufacture of 
the laTge plates employed in the cellular top of the Bri- 
tannia and Conway tuhular bridges, Messrs G. B. Thorney- 
croft and Co. constructed a large shearing machine which 
cut upwards of 10 feet at one stroke. These shears have 
now come into general use, and are of great importance, 
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on account of the accuracy with which they cut plates 
of large dimensions square and even. Figs. 38 and 39 
represent this machine ; a a a ia the standard and table 
on which the plate is fixed. This table slides forward at 
right angles to the shears or cutters AAA*A*. The top 
cutter descends by the action of three eccentrics c c c, 
which press upon the top of the frame B as it revolves, 
and force it down ; and by one stroke, the knife AA cuts 
through the whole length of the plate, perfectly clean 
and straight. The plate is then reversed, the newly cut 
edge being held against the slopes, and the sliding frame 
again moved forward to the required width of the plate, 
when another stroke cuts the other side a3 before. The 
rapidity with which the plates are cut is another advan- 
tage of this machine, as great as the precision of its cut ; 
and when the immense quantity of plates daily produced 
at Messrs Thorneycroft and Co.'s workB arc considered, its 
importance becomes evident. 

At the Paris Universal Exhibition of last year (1805), 
a plate-cutting machine was exhibited, from the United 
States of America, which appears to effect the same ope- 
ration as Messrs Thorneycroft and Co.'s. It consists of a 
strong cast-iron frame, nine or ten feet wide, having in- 
serted along its face a steel plate, on which the iron to be 
cut rests, and is held firmly by a faller, which descends 
on the uppeT side of the plate. On the same side of the 
frame a revolving steel cutter, about nine inches in dia- 
meter, traverses the whole length of the frame, and in its 
passage cuts the plate, by compression, in a perfectly 
straight line, corresponding with the steel edge below. 
Cutting and shaving plates by a revolving disc has been 
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long in use, but 
the traversing mo- 
tion # in this ma- 
chine is certainly 
s new, and its ap- 
■§ plication very cre- 
| ditable to the 
» ingenuity of the 
£ inventoT. The 
travelling cutter, 
which requires 
great power when 
cutting thick 
plates, is driven 
by a strap over a 
pulley at one end 
of the machine, 
and looking at the 
work it has to per- 
form, and the com- 
| plexity of its parts, 
1 weshouldconsider 
^ itlesseffectiveand 
s moro liable to de- 
.tp rangement than 
the simple and 
powerful machine 
of Messrs Tbor- 
neycroft. 

General Sum- 
mary. — Having 
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thus traced the processes for the conversion of crude into 
malleable iron,and the machinery em ploy ed.it onlyremains 
to give a general summary of the whole. As regards the 
arrangement* of large iron-works, the general principle 
should be for the machinery to be classed and fixed in the 
order of the different processes, so that the products of one 
machine should pass at once to the next, and, in fact, the 
crude iron should be received at one end, and, having 
passed through all tho processes, delivered at the other 
in the manufactured state. 

The crude iron from the smelting furnace is either 
refined and puddled, or subjected to the boiling process, 
to get rid of the combined carbon, and render the iron 
malleable ; it is then shingled by the forge-hammer, by 
the " Alligator," by Brown's squeezer, or by one of the 
other machines which have been invented for this pur- 
pose. It is then at once passed through the puddling 
rolls, where it is reduced to the form of a flat bar, and is 
then cut into convenient lengths by the shears. These 
pieces are again piled orfaggotted together into convenient 
heaps, and re-heated in the furnace. As soon as a faggot 
thus prepared has been heated to the welding temperature, 
it is passed through the rough ing-rolls to reduce it to the 
form of a bar, and then through the finishing-rolls, where 
the required form and size is given to it — either round or 
square bars, plates, Jkc. These are straightened and sheared 
to the required sizes, and are then ready for delivery. In 
most large works all these operations are carried on simul- 
taneously with the smelting process, and in some with 
extensive mining operations for procuring the coal, ore, 
and limestone required to supply a production of several 
thousand tons of manufactured iron per month. 



CHAPTER VII, 



THE FORGE. 

The forging of iron has entered, of late years, so largely 
into the constructive arts, that the manufactures, how- 
ever perfect in the rolling-mill, would he very imperfect 
indeed without the forge. To the discussion of this part 
of the suhject there are many inducements, and we cannot 
but wonder at the many devices, and the numerous con- 
trivances which present themselves for the attainment of 
the operations of tho forge. In effecting these objects, 
Mr Nasmyth's steam-hammer is evidently the most effec- 
tive, and to that instrument we are indebted for the 
welding of large masses of iron upon a scale previously 
unknown to the workers in that metal. 

The old form of forge-hammer, or at least the form 
most suitable for heavy forgings, was that known as the 
belly-helve, and is shown in fig. 40. In this hammer the 




Pig. 40. 

wheel carrying the cam by which it is lifted is placed 
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between the anvil and the fulcrum. The action is simple 
and the hammer is effective, but there is no provision for 
altering the intensity of the blow, whatever the nature of 
the work which had to bo accomplished. For heavy 
forgings, scrap iron, cut up into small pieces by the 
shears, is usually employed. It is placed in a revolving 
hexagonal drum, by which the pieces knock each other 
about, and are cleaned from rnst ; and being piled or 
faggotted into convenient sized masses of one or two 
hundredweight, are placed in a reheating or piling furnace, 
similar to the reverberatory furnace employed in puddling. 
When they have reached a welding heat, they are placed 
under the helve, and united into a bloom or slab. These 
slabs form the masses of which laTger forgings are built 
up. These, when too large to be handled by the forge- 
man, are supported by a crane beside the hammer, so 
that they can be turned over and manipulated with the 
greatest ease. 

Mr Nasmyth took out his patent for the invention of a 
hammer, which has superseded all preceding forge tools 
in the better descriptions of work, in 1833 ; and from that 
time up to the present, it has maintained its ground 
against every innovation, and has performed an impor- 
tant duty in almost overy well-regulated work in Europe. 
It consists of an inverted cylinder D, figs. 41 and 42, 
through which the piston-rod E passes, attached to the 
hammer-block F by means of bars and cross-key k, which 
press upon an elastic packing, to soften the blow of the 
hammer, which in heavy forgings and heavy blows ope- 
rates severely upon the piston-rod The hammer-block 
FF is guided in its vertical descent by two planed guides 
p 
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or projections, extending the length of the side -standards 
AA, between which the 
hammer - block slides. 
The attendant gives mo- 
tion to the hammer by 
admitting steam from 
the boiler to act upon 
the under side of the 
piston, by moving tho 
regulator I bythe handle p 
d. Tlielength of stroke ' 
is regulated by increas- 
ing or diminishing the 
distance between the 
cam N and the valve 
lever 0 o, by turning the 
screws P and TJ by the 
bevil wheels q q. Tho 
lever 0 o operates by the 
earn N coming in con- 
tact with the roller o. 
As soon as this contact 
takes place, the further 
admission of steam is 
not only arrested, but its 
escape is at the same 
time effected, and the 
hammer, left unsupport- 
ed, descends by its gra- rig _ 42 pian 
vity upon the work on 

the anvil with an energy due to the height of the fall. 
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From this description it will be seen that the movement 
of the roller o causes the shoulder of the rod P to get 
under the point of the trigger-catch w ; the valve is by 
those means kept closed till the whole force of the blow 
is struck. The instant the operation is effected, the con- 
cussion of the hammer causes the latch X to knock off 
the point of tho trigger from the shoulder on the valve- 
rod P, by means of the bent lever sv ; and the instant this 
is accomplished, the valve is re-opened to admit tho steam 
below the piston, by the pressure of steam on the upper 
side of the small piston in the cylinder M, forcing down 
the valve-rod, which in this respect is the active agent 
for opening the valve. 

To arrest the motion of the hammer, it is only neces- 
sary to shut the steam-valve. During the process of forg- 
ing, it is, however, desirable to give time between tho 
blows, to enable the workman to turn and shift his work 
on the anvil ; and to effect this reduced motion, tho trigger 
U is held back from the shoulder of the valve-rod P by 
the handle y, which at the same instant opens the valve 
in tho case J, and thus the action of the steam in tho 
cylinder D retards tho downward motion of the hammer. 
The result of these changes is an easy descent of the 
hammer, which vibrates up and down without touching 
the anvil, but ready for blows of any severity the instant 
the trigger is elevated above tho shoulder of the valvc- 
lever P. . From this description it will appear evident 
that Mr Nasmyth's invention is one of the most impor- 
tant that has occurred in the art of forging iron. It has 
given au impetus to the manufacture, and affords facilities 
for the welding of largo blocks of malleable iron that 
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could not be accomplished by the tilt and helve hammers 
formerly in use ; and we have only to instance the forging 
of the sternposts and cutwaters of iron ships ; the paddle- 
wheel and screw-shafts of our ocean steamers, some of 
them weighing upwards of 20 tons, to appreciate the 
value as well as the intensity of action of the steam- 
hammer. 

Various modifications of Nasmyth's hammer are now in 
use. In Condie's, which has much merit, the piston-rod 
is stationary, and the cylinder moves carrying the block 
of metal forming the hammer on its bottom. The piston 
and piston-rod arc suspended from the top of the framing, 
and the steam is admitted through the hollow piston-rod, 
and lifts the hammer by pressing against the top cylinder 
cover. In Morrison's, the piston-rod is made very large, 
so as to form the hammer, and slides through a gland in 
the fiaed cylinder both at top and bottom. In some 
eases, as for anchor-foTging, where the cast-iron stand- 
ards are in the way, they are dispensed with, and the 
cylinder is supported on wrought-iron beams spanning 
the smithy, so as to leave a free space all round the anvil. 
Various changes in the valve gearing have been effected 
by Mr Haylor and others, and a lighter description of 
hammer has been introduced by Mr Higby, in which the 
steam acts on both sides of the piston, urging it in its 
descent as well as lifting it after the blow is struck, by 
which means great rapidity of action is attained. In Mr 
Naylor's hammer, also, ■which has been made of large 
size, the advantage of admitting steam to both sides of 
the piston has been obtained, the downward stroke being 
increased in momentum, and the number of strokes in a 
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given time augmented. With small hammers acting on 
this principle, '250 blows per minute have been ob- 
tained. . 

In addition to the machinery of the forge, theV anvil, fi| 
43, the natural offspring of the steam- 
hammer, came into existence from 
the same fertile source. It is chiefly 
employed for forging round bars and 
shafts, and may be thus described, — 
A being a section of the round bar or 
shaft to be forged, B the anvil-block, 
and C the hammer. From this it is 
obvious that, in place of the old F ' e ' 43 ' 
plan, where the work is forged upon flat surfaces, as 
sliown in fig. 44, and where the blows arc diverging, 
the effect of the V anvil is a converging 
action, thus consolidating the mass, and 
enabling the forger to retain his ' 
directly under the centre of the hammer. 
This is the more strikingly apparent, a 
blows of the hammer upon a round shaft I 
have the effect of causing the mass to as- 
sume the elliptical form, forcing out the 
sides as at AA at every successive blow; and this again, 
when turned, produces a spongy, porous centre, as shown 
in fig. 45. This process is, however, more clearly 
exemplified in Ryder's forging machines, where j 
all the anvils are of the V form, for the forging 
of spindles, round bars, and bolts. Fi s- 4S - 

The most remarkable instance of a largo forging, 
and one which will serve as an example of the best 
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methods of piling, &c, is the large wrought-iron gun, 
weighing before boring 25 tons. Mr Clay, under whose 
direction it was produced at the Mersey Works, Liver- 
pool, gives the following account of the method of 
manufacture : — " It was built in seven distinct layers 
or slabs, and the forging occupied seven weeks ; nor 
will this time seem unreasonable, when its dimensions 
and weight are considered. The first operation was to 
prepare a coro of suitable dimensions, and nearly the 
whole length of the gun. This was done by taking a 
number of rolled baTs, about 6 feet in length, welding 
them together, and drawing them out till the proper length 
was attained. A series of V-shaped bars were now packed 
round the coro (fig. 46), the whole mass heated in a 
reverberatory furnace, and 
forged under the largest 
belly-helve hammer. An- 
other series of bars were & 
now packed on, and the fl 
mass was heated again and H 
worked perfectly sound. \| 
Another longitudinal series 
of bars were still required 
over the whole length of 
the forging, which were 
added, and the mass now presented a forging about 15 
feet in length and 32 inches in diameter, but requiring to 
be augmented to 44 inches at tho breech, tapering down 
to 27 inches at the muzzle. This was accomplished by 
two layers of iron placed in such a manner as to resemble 
hoops laid at right angles to the axis of the mass ; and 
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alter two' more heatings, and careful welding, the forging 
of the gun was completed." 

The next important addition to the implements of the 
forge is Mr llyder'a machine, patented some years since, 
for forging small articles, which, on account of the rapidity 
and precision of its operations, demands a notice in pass- 
ing. It consists essentially of a series of small anvils 
about three inches square, supported from below hy large 
screws passing through the frame of the machine. This 
screw was employed in order that the distance between 
the hammer and anvil might he accurately adjusted. 
Between the screw and the anvil, a stuffing of cork is 
introduced to deaden the effect of the blow. The hammers 
are arranged over the anvils, and slide op and down in 
the frame of the machine. The blow is effected by the 
revolution of an eccentric, acting by means of a cradle on 
the hammer-head, — the hammer, however, heing lifted 
again by a strong spiral spring. The hammers make 
about 700 strokes a-minute. At the side of the machine 
is a cutter or shears worked by a long lever ; with this 
the articles are cut to the required length as they are 
finished. 

Figs. 47 and 48 represent this machine as improved 
by Messrs Piatt Brothers of Oldham. A AAA are the 
anvils supported on a wedge B, instead of the screw, as 
in Ryder's. This substitution was made because the 
blows of the hammer tore off the threads of the screw, 
and the machine soon got out of order. The distance 
between the hammer and anvil is regulated by forcing 
forwards the wedge B by the rack and pinion C. The 
cork was then found insufficient as a stuffing, and an 
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coiled in a close spiral 2 inches in diameter, and 6£ long. 
It answers its purpose admirably. The hammers are 
shewn at HIIHH, supported by springs, one of which is 
seen in the section at E. The eccentrics GGGG, driven 
by the shaft FF, in their revolution force down the 
cradles KKKK, which in their turn act on the tops of the 
hammers, the springs E keep the hammer-head always 
in contact with the cradles KK. The shaft FF is driven 
by a strap on the pulley LL. It ia evident that, by the 
revolution of the shaft, the eccentric forces down the 
hammer, and then allows the spring to lift it again ; the 
rapidity of the strokes is only limited by the power of the 
spring E to keep the hammer in contact with the cradle ; 
if the eccentric revolves too fast, a violent jerking motion 
is produced. In Mr Ryder's machine, 700 strokes a-minute 
was the maximum ; but Messrs Piatt Brothers, by increas- 
ing the strength of the spring, run as high as 1100. A 
pair of knife edges, worked by the machine itself, has also 
been substituted for the hand-shears. These perform the 
work more rapidly and accurately than before, and leave 
the workman more at liberty. Dies are let into the sur- 
faces of the hammers and anvils, which shape the iron as 
required. 

The rapidity with which this machine executes all 
kinds of intricate work is truly remarkable ; for instance, 
a bar about 1\ * 2^ inches, will be reduced to 1\ x 10 
inches, and cut off in a minute. Set screws, bolts, spindles, 
and all kinds of small work, are produced at the same rate. 
Its precision ia very effective ; the articles are almost as 
true as if turned in a lathe, and very accurate as to size 
and weight. Other machines, called " lifts," have been, 
f2 
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and continue to be, used for forging a variety of forma and 
" uses ;" but as these partake more or less of the principle 
employed in Ryder's machine, it will not be necessary to 
furnish further examples. 

In conclusion, we may observe that the facilities afforded 
by the present age for the forging of malleable iron are 
without a parallel in the history of that material. Every 
known resource has been adopted, and every contrivance 
and device has been employed to meet the demands of a 
large and an intricate trade ; and looking at the present 
resources of the country, and the admirable mechanical 
contrivances for the conversion of crude iron into the 
malleable state, it assuredly is not unreasonable to look 
forward to still greater improvements in the manipulations 
of the forge. 
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MR BESSEMER'S PROCESS. 

Since the above was written, an apparently new light 
lias been thrown on the conversion of iron, by a paper 
read hy Mr II. Bessemer at the last meeting of the British 
Association for the Advancement of Science, held at Chel- 
tenham in August last (1856). In this paper the author 
announces to the world the discovery of an entirely new 
system of operations for the manufacture of malleable iron 
and steel. The crudo roetal is converted, by one simple 
process, directly as it comes from the blast furnace. We 
should detract from its clearness did we attempt to cur- 
tail the lucid description in which Mr Bessemer has re- 
commended his invention to the manufacturers aud the 
public ; we therefore give the account in his own 
words : — 

Mr Bessemer states that " for the last two years his 
attention has been almost exclusively directed to the 
manufacture of malleable iron and steel, in which, how- 
ever, he had made but little progress until within the 
last eight or nine months. The constant pulling down 
and rebuilding of furnaces, and the toil of daily experi- 
ments with largo charges of iron, had begun to exhaust 
his patience ; but the numerous observations be had made 
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during this very unpromising period all tended to confirm 
an entirely new view of the subject, which at that timo 
forced itself upon his attention— viz., that he could pro- 
duce a much more intense heat, without any furnace or 
fuel, than could be obtained by cither of the modifications 
he had used ; and consequently, that he should not only 
avoid the injurious action of mineral fuel on the iron 
under operation, but that he would, at the same time, 
avoid also the expense of the fuel. Some preliminary 
trials were made on from 10 lbs. to 20 lbs. of iron ; and 
although the process was fraught with considerable diffi- 
culty, it exhibited such unmistakeable signs of success, 
as to induce him at once to put up an apparatus capable 
of converting about 7 cwt. of crude pig iron into malle- 
able iron in thirty minutes. With such masses of metal 
to operate on, the difficulties which beset the small labo- 
ratory experiments of 10 lbs.,entirely disappeared. On 
this new field of inquiry, he set out with the assumption 
that crude iron contains about 5 per cent, of carbon ; that 
carbon cannot exist at a white heat in the presence of 
oxygen without uniting therewith, and producing com- 
bustion ; that such combustion would proceed with a 
rapidity dependent on the amount of surface of carbon 
exposed ; and lastly, that the temperature which the 
metal would acquire would be also dependent on the 
rapidity with which the oxygen and carbon were made 
to combine, and consequently, that it was only necessary 
to bring the oxygen and carbon together in such a man- 
ner that a, vast surface should be exposed to their mutual 
action, in order to produce a temperature hitherto unat- 
tainable in our largest furnaces. "With a view of testing 
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practically this theory, he constructed a cylindrical vessel 
of three feet in diameter, and five feet in height, some- 
what like an ordinary cupola furnace, the interior of 
which was lined with fire-bricks ; and at about two inches 
from the bottom of it he inserted five tuyere pipes, the 
nozzles of which were formed of well-burnt fire-clay, the 
orifice of each tuyere being about three-eighths of an inch 
in diameter. They were put into the brick lining from 
the outside, so as to admit of their removal and renewal 
in a few minutes, when they were worn out. At one 
side of the vessel, about half-way up from the bottom, 
there was a hole made for running in the crude metal, 
and in the opposite side was a taphole, stopped with loam, 
by means of which tho irou was run out at the end of the 
process. In practice, this converting vessel may be made 
of any convenient size, but he prefers that it should not 
hold less than one or more than five tons of fluid iron at 
each charge. The vessel should be placed so near to the 
blast furnace as to allow the iron to flow along a gutter 
into it ; a small blast cylinder is required, capable of 
compressing air to about 8 lbs. or 10 lbs. per square inch. 
A communication having been made between it and the 
tuyeres beforo mentioned, tho converting vessel will be 
in a condition to commence work ; it will, however, on 
the occasion of its first being used, after relining with 
fire-bricks, be necessary to make a fire in the interior 
with a few baskets of coke, so as to dry the brickwork 
and heat up the vessel for the first operation, after which 
the fire is to be carefully raked out at tho tapping hole, 
which is again to be made good with loam. The vessel 
will then be in readiness to commonco work, and may 
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be so continued until the brick lining, in the course of 
time, ia worn away, and a new lining is required. The 
tuyeres, as before stated, were situated nearly close to 
the bottom of the vessel ; the fluid metal therefore rose 
some eighteen inches or two feet above them. It was 
therefore necessary, in order to prevent the metal from 
entering the tuyere holes, to turn on the blast before 
allowing the fluid crude iron to run into the vessel from 
tha blast furnace. This having been done, and the fluid 
iron run in, a Tapid boiling up of the metal was heard 
going on within the vessel, the iron being tossed violently 
about, and dashed from side to side, shaking the vessel 
by the force with which it moved. Flame, accompanied 
by a few bright sparks, immediately issued from the 
throat of the converting vessel. This state of things 
lasted for about fifteen or twenty minutes, during which 
time the oxygen in the atmospheric air combined with 
the carbon contained in the iron, producing carbonic acid 
gas, and at the same time evolving a powerful heat. Now, 
as this heat is generated in the interior of, and is diffused 
in innumerable fiery bubbles throughout the whole fluid 
mas3, the vessel absorbs the greater part of it, and its 
temperature becomes immensely increased ; and by the 
expiration of the fifteen or twenty minutes before named, 
that part of the carbon which appears mechanically 
mixed and diffused through the crude iron ha3 been en- 
tirely consumed. The temperature, however, is so high, 
that the chemically combined carbon now begins to sepa- 
rate from the metal, as is at once indicated by an immense 
increase in the volume of flame rushing out of the throat 
of the vessel. . The metal in the vessel, now rises several 
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inches above its natural level, and a light frothy slag 
makes its appearance, and is thrown out in large foam- 
like masses. This violent eruption of cinder generally 
lasts about five or six minutes, when all further appear- 
ance of it ceases, a steady and powerful .flame replacing 
the shower of sparks and cinders which always accom- 
panies the boil. The rapid union of carbon and oxygen 
which thus takes place adds still further to the tempera- 
ture of the metal, while the diminished quantity of carbon 
present allows 'a part of the oxygen to combine with tho 
iron, which undergoes a combustion and is converted into 
an oxide. At the excessive temperature that the metal 
lias now acquired, tho oxide, aB soon as formed, under- 
goes fusion, and forms a powerful solvent of those earthy 
bases that are associated with the iron. The violent 
ebullition which is going on mixes most intimately the 
scoriiB and metal, every part of which is thus brought 
into contact with the fluid oxide, which will thus wash 
and cleanse the metal most thoroughly from the silica and 
other earthy bases, which are combined with the crude 
iron; while the sulphur and other volatile matters, which 
cling so tenaciously to iron at ordinary temperatures, are 
driven off, the sulphur combining with the oxygen, and 
forming sulphurous acid gas. The loss in weight of crude 
iron during its conversion into an ingot of malleable iron, 
was found, on a mean of four experiments, to bo 12J per 
cent., to which will have to be added the loss of metal in 
the finishing-rolls. This will make the entire loss probably 
not less than 18 per cent, instead of about 28 per cent., 
which is the loss on the present system. A large portion 
of this metal is, however, recoverable by treating with 
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carbonaceous gasos the rich oxides thrown out of the 
furnace during the boil. These slags are found to con- 
tain innumerable small grains of metallic iron, which are 
mechanically held in suspension in the slags, and may bo 
easily recovered. It has already been stated that after 
the boil has taken place, a steady and powerful flame 
succeeds, which continues without any change for about 
ten minutes, when it rapidly falls off. As soon as this 
diminution of flame is apparent, the workman knows that 
the process is completed, and that tho Crude iron has 
been converted into pure malleable iron, which he will 
form into ingots of any suitable size and shape, by simply 
opening tho tap-hole of the converting vessel, and allow- 
ing the fluid malleable iron to flow into the iron ingot- 
moulds placed there to receive it. The masses of iron 
thus formed will he perfectly free from any admixture of 
cinder oxide, or other extraneous matters, and will be 
far more pure, and in a forwarder state of manufacture, 
than a pile formed of ordinary puddle-bars. And thus, 
by a single process, requiring no manipulation or parti- 
cular skill, and with only one workman, from three to 
five tons of crude iron pass into the condition of several 
piles of malleable iron, in from thirty to thirty-five mi- 
nutes, with the expenditure of about one-third part the 
blast now used in a finery furnace with an equal charge 
of iron, and with the consumption of no other fuel than 
is contained in the crude iron. To those who are best 
acquainted with the nature of fluid iron, it may be a 
matter of surprise that a blast of cold air forced into 
melted crude iron is capable of raising its temperature 
to such a degree as to retain it in a perfect state of flu- 
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dity, after it has lost all its carbon, and is in the condi- 
tion of malleable iron, which, in tho highest heat of our 
forges, only becomes a pasty mass. But such is the 
excessive temperature that may be arrived at, with a 
properly shaped converting vessel, and a judicious distri- 
bution of the blast, that not only may tho fluidity of the 
metal be retained, but so much surplus heat can bo 
created as to remelt the crop ends, ingot runners, and 
other scrap, that is made throughout the process, and 
thus bring them, without labour or fuel, into ingots of a 
quality equal to the rest of tho charge of new metal. 
For this purpose, a small arched chamber is formed 
immediately over the throat of tho converting vessel, 
somewhat like the tunnel-head of the blast furnace. This 
chamber has two or more openings in the sides of it, 
and its floor is made to slope downwards to tho throat. 
As soon as a charge of fluid malleable iron has been 
drawn off from the converting vessel, the workman will 
take the scrap intended to be worked into tho next 
charge, and proceed to introduce the several pieces into 
the small chamber, piling them up round tho opening of 
the throat. When this is done, ho will run in his charge 
of crude metal, and again commence the process. By 
the time the boil commences, the bar ends or other scrap 
will havo acquired a white heat, and by tho time it is 
over, most of them will have melted and run down into 
the charge. Any pieces, however, that remain, may then 
be pushed in by the workman, and by the time the pro- 
cess is completed, they will all be melted and intimately 
combined with the rest of the charge ; so that all scrap 
iron, whether cast or malleable, may thus be used up 
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without any loss or expense. As an example of the 
power that iron has of generating heat in this process, 
Mr Bessemer mentions that when trying how small a set 
of tuyeres could be nsed, the size he had chosen proved 
too small, and after blowing into the metal for one hour 
and three-quarters, he could not get up heat enough with 
them to bring on the boil. The experiment was there- 
fore discontinued, during which time two-thirds of the 
metal solidified, and the rest was run off. A larger 
set of tuyere pipes were then put in, and a fresh charge 
of fluid iron run into the vessel, which had the offect of 
entirely remelting the former charge ; and when the 
whole was tapped out it exhibited, as usual, that intense 
and dazzling brightness peculiar to the electric light. 

" To persons couversant with the manufacture of iron, 
it will be at once apparent that the ingots of malleable 
metal which are produced by this process, will have no 
hard or steely parts, such as are found in puddled iron, 
requiring a great amount of rolling to blend them with 
the general mass, nor will such ingots require an excess 
of rolling to expel the cinder from the interior of the 
mass, since none can exist in the ingot, which is pure 
and perfectly homogeneous throughout, and hence requires 
only as much rolling as is necessary for the development 
of fibre ; it therefore follows that instead of forming a 
merchant bar or rail by the union of a number of sepa- 
rate pieces welded together, it will he far more simple, 
and less expensive, to make several bars or rails from a 
single ingot ; doubtless this would have been done long 
ago had not the whole process been limited by the size 
of the ball which the puddler could make. 
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" The facility which the new process affords, of making 
large masses, will enable the manufacturer to produce 
bars that, on the old mode of working, it was impossible 
to obtain ; while, at the same time, it admits of the use 
of some powerful machinery,' whereby a great deal of 
labour will bo saved, and the process be greatly expe- 
dited. Mr Bessemer merely mentions this in passing, 
without entering into details, as the patents he has ob- 
tained for improvements in this branch of the manufacture 
are not yet specified. He next points out the perfectly 
homogeneous character of cast-steel — its freedom from 
sand cracks and flaws — and its greater cohesive force and 
elasticity, compared with the blister-steel from which it 
is made, qualities which it derives solely from its fusion 
and formation into ingots — all of which properties mal- 
leable iron acquires in like manner, by its fusion and 
formation into ingots in the new process. Nor must it 
be forgotten that no amount of rolling will give to blis- 
tered steel (although formed of rolled bars) the same 
homogeneous character that cast-steel acquires, by a 
mere extension of the ingot to some ten or twelve times 
its original length. 

"One of the most important facts connected with the 
new system of manufacturing malleable iron is, that all 
the iron so produced will be' of the quality known as 
charcoal-iron, not that any charcoal is used in its manu- 
facture, but because the whole of the processes following 
the smelting of it are conducted entirely without contact 
with, or the use of any mineral fuel ; the iron resulting 
therefrom will, in consequence, be perfectly free from 
those injurious properties which that description of fuel 
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never fails to impart to iron that is brought under its in- 
fluence. At tho same time, this system of manufactur- 
ing malleable iron offers extraordinary facility for making 
large shafts, cranks, and other heavy masses ; it will be 
obvious that any woight of metal that can bo founded in 
ordinary cast-iron, by the means at present at our dis- 
posal, may also be founded in molten malleable iron, and 
be wrought into the forms and shapes required, provided 
that we increase the size and - power of our machinery to 
the extent necessary to deal with such large masses of 
metal. A few minutes' reflection will show the great 
anomaly presented by the scale on which the processes 
of iron-making are at present carried on. The little fur- 
naces originally used for smelting ore have, from time to 
time, increased in size, until they have assumed colossal 
proportions, and are made to operate on 200 or 300 tons 
of material at a time, giving out 10 tons of fluid metal 
at a single run. Tho manufacturer has thus gone on 
increasing the size of his smelting furnaces, adapting to 
their use the blast -apparatus of the requisite proportions, 
and has by this means lessened the cost of production, in 
every way ensuring a cheapness and uniformity of pro- 
duction that could never have been secured by a multi- 
plicity of small furnaces. While the manufacturer has 
shown himself fully alive to these advantages, he has still 
been under the necessity of leaving the succeeding opera- 
tions to be carried out on a scale wholly at variance with 
the principles he has found so advantageous in the smelt- 
ing department. It is true that, hitherto, no better 
method was known than the puddling process, in which 
from 4 cwt. to 5 cwt. of iron, is all that can be operated 
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upon at a time, and even this small quantity ia divided 
into homeopathic doses of some 70 lbs. or 80 lbs., each of 
which is moulded and fashioned by human labour, care- 
fully watched and tended in the furnace, and removed 
therefrom, one at a time, to be carefully manipulated and 
squeezed into form. Considering the vast extent of the 
manufacture, and the gigantic scale on which the early 
stages of its progress are conducted.it is astonishing that no 
effort should have been made to raise the after processes 
somewhat nearer to a level commensurate with the pre- 
ceding ones, and thus rescue the trade from the trammels 
which have so long surrounded it. Mr Bessemer then 
adverts to another important feature of the new process, 
the production of what he calls semi-stool. At the stage 
of the process immediately following the boil, the whole 
of the crude iron has passed into the condition of cast-steel 
of ordinary quality. By the continuation of the process the 
steel so produced gradually loses its small remaining por- 
tion of carbon, and passes successively from hard to soft 
steel, and from softened steel to steely iron, and eventually 
to very soft iron ; hence, at a certain period of the process, 
any quality may he obtained : there is one in particular, 
which, by way of distinction, he calls semi-steel, being in 
hardness about midway between ordinary cast-steel and 
soft malleable iron. This metal possesses tho advantage of 
much greater tensile strength than soft iron ; it is also 
more elastic, and does not readily take a permanent set, 
while it is much harder, and is not worn or indented so 
easily as soft iron. At the same time it is not so brittle 
or hard to work as ordinary cast-steel. These qualities 
render it eminently well adapted to purposes where 
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lightness and strength are specially required, or where 
their is much wear, as in the case of railway liars, which, 
from their softness and lamellar texture, soon become 
destroyed. The cost of semi-steel will he a fraction less 
than iron, because the loss of metal that takes place by 
oxidation in the converting vessel is about 2£ per cent 
less than it is with iron ; but as it is a little more difficult 
to roll, its cost per ton may fairly be considered to be 
the same as iron. As its tensile strength is some 30 
or 40 per cent, greater than bar iron, it follows that 
for most purposes a much less weight of metal may be 
used, so that taken in that way the semi-steel will form 
a much cheaper metal than any wo are at present 
acquainted with. 

" In conclusion, Mr Bessemer observes that the facts 
lie has discovered have not been elicited by mere labora- 
tory experiments, but have been the result of operations 
on a scale nearly twice as great as is pursued in the 
largost iron-works, the experimental apparatus converting 
7 cwt. in thirty minutes, while the ordinary puddling 
furnace makes only 4J cwt. in two hours, which is made 
into six separate balls ; while the ingots or blooms are 
smooth, even prisms ten inches square by thirty inches 
in length, weighing about as much as ten ordinary puddle 
balls." 

Mr Bessemer's first patent, in reference to this process, 
was taken out in 18D5, and claimed improvements in the 
manufacture of cast-steel, consisting of the forcing of 
currents of air or of steam into and amongst the molten 
crude iron, or of remelted pig or refined iron, until the 
metal so treated is rendered malleable and has acquired 
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other properties common to cast steel. A second patent 
in the same year claimed the application of the same pro- 
cess to refining iron previous to puddling, or by preference 
the conversion of the crude iron by a single process, and 
casting it into ingots suitable for rolling into bar iron or 
plates. In February 1856, further details of the process 
are described in a patent, the object of which is stated to 
he the conversion of molten crude iron or remelted pig 
or finery iron into steel, or malleable iron without the use 
of fuel for reheating or continuing to beat the crude 
molten metal, such conversion being effected by forcing 
into and among the molten mass currents : of air or 
gases capable of evolving sufficient oxygen to keep up the 
combustion of the carbon contained in the iron till the 
conversion is accomplished. In March, May, August, 
and November 1856, anil January 1857, further details of 
methods of introducing the air, assisting the combustion 
by the use of carbonaceous matter and oxides, and forming 
ingots, or rolling the molten metal direct, were patented. 

Since that time Mr Bessemer has pursued unremittingly 
the perfecting of his process, and the results at which he 
has arrived he communicated in May 1859 to the Institute 
of Civil Engineers. The primary source of difficulty to he 
overcome was the removal of the sulphur and phosphorus, 
abundantly present in ordinary cast iron, and which the 
high temperature and copious, supply of air in the Bes- 
semer process did not seem to affect. Steam, hydrogen, 
and silicates of iron and manganese were tried, and with 
partial success. But the employment of crude iron, free 
from these noxious elements, appeared the most certain 
escape from the difficulty, and with Indian and Nova 
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Scotian iron the process became successful. Cast-steel 
works weie erected at Sheffield, and in these the system 
has since been in operation. 

For the production of malleable iron, however, this fine 
description of cast metal was, from its cost, inapplicable, 
and the iron smelted from specular, hematite, and spa- 
those ores, was looked to, to supply the requisite material 
Iron was obtained from Cleator, Weardale, and the Forest 
of Dean, fit for the purpose, and with the converting 
vessel, shown in the annexed cut, malleable iron has been 
produced. Mr Bessemer thus describes the method of 
operation: "The vessel is mounted on axes near its 
centre of gravity. Ifc is constructed of boiler plates, and 
lined with fire-brick, road-drift, or ' gan is ter,' which re- 
sists the heat better than any other material yet tried, 
and has also the advantage of cheapness. The vessel 
having been heated, is brought into a horizontal position, 
so that it may receive its charge of molten metal without 
either of the tuyeres being beneath the surface. No 
action can therefore take place until the vessel is made to 
assume the vertical position (fig. 49). The process is thus 
in an instant brought into full activity, and small, though 
powerful, jets of air spring upward through the fluid 
mass. The air, expanding in volume, divides itself into 
globules, or bursts violently upwards, carrying with it 
somo hundred weight of fluid metal, which again falls 
into the boiling mass below. Every part of the apparatus 
trembles under the violent agitation thus produced. • A 
roaring flame rushes from the month of the vessel ; and, 
as the process advances, it changes its violet colour . to 
orange ; and finally to a voluminous pure white flame. 
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The sparks, which at first were large, change to small 
hissing points, and these gradually give way to soft float- 
ing specks of hhiish light, as the state of malleable iron is 




approached. There is no eruption of cinder, as in the 
early experiments, although it is formed during the pro- 
cess. The improved shape of the converter causes it to be 
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retained; and it not only acts beneficially on the metal, 
hut it helps to confine the heat, which during the process 
has rapidly risen from the comparatively low temperature 
of melted pig iron to one vastly greater than the highest 
known welding heats, by which mallcablo iron becomes 
only sufficiently soft to he shaped by the blows of a 
hammer. But here it becomes perfectly fluid, and even 
rises ao much above the molting point as to admit of its 
being poured from the converter into a founder's ladle, and 
thence to be transferred into several successive moulds. 

" The oxygen of the air appears in this process first to 
oxidise the silicium, producing silicic acid, and next to 
seize the carbon, which ia eliminated, while the ailicic acid 
uniting with the oxide of iron, obtained by the combustion 
of b small quantity of metallic iron, thus produces a fluid 
silicate of the oxide of iron, or ' cinder,' which is retained 
in the vessel, and assists in the purification of tho metal. 
The increase of temperature which the metal undergoes, 
and which seema so disproportionate to the quantity of 
carbon and iron consumed, is doubtlcea owing to the 
favourable circumstances under which combustion takea 
place. There is no intercepting material to absorb the 
heat generated, and to prevent its being taken up by the 
metal ; for heat is evolved at thousands of points distri- 
buted throughout the fluid, and when the metal boils, the 
whole mass rises far above its natural level, forming a sort 
of spongy froth, with an intensely vivid combustion going 
on in every one of its numberless everchanging cavities."* 

We havo been the more particular in giving this ex- 

* Minutes of Proceedings of tlie Inntitnie of Civil Engineers, vol. iviii. 
p. 535. 
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tract from Mr Bessemer's papers from the fact that his pro- 
cess of decarbonisation and boiling, although not exercised 
to the extent of becoming general, is nevertheless attended 
with results highly satisfactory as regards the purity and 
homogeneous state of the metal produced. The greatly 
increased temperature, rapid combustion, and violent ebul- 
lition, and the changes of colour from violet to orange 
and thence to white, are indications of the different stages 
of the process, which enable the operator to judge with 
great certainty when it is time to stop, either in the 
production of steel of different qualities or malleable 
iron. 

Now, in the usual process of puddling in the reverbe- 
ratory furnace, these indications are not present to the 
same extent, as the puddler, when producing either iron 
or steel, has not only to judge from the colour and the 
tenacious state of the mass as he gathers it into the balls, 
but he must close his damper at the exact moment of 
time, in order to produce the quality of metal, whether 
steel or iron, that he may require. This is the most 
difficult part of the process, as the workman has uot only 
to watch his furnace intensely, but the laborious operation 
of stirring and balling the molten mass is so great as to 
render him unfit for the double duty of violent muscular 
action and the exercising of a sound judgment in the ap- 
pearance of the furnace. To the toil and labour of thia 
exhausting process we may therefore trace tho great un- 
certainty as respects the quality of the so-called homo- 
geneous mass, which is sometimes steel, sometimes iron, 
or between the two, as it pleases the puddler and his 
assistant. 
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Now, the Bessemer process, if it can be safely and 
profitably carried out, will in a great measure remedy 
these defects, and give greatly increased confidence in the 
uniformity, strength, and other properties of the metal 
produced, 

For the production of largo plates, Mr Bessemer has 
tried one especially interesting experiment, and that is 
to produce them direct from the fluid metal, without any 
preliminary solidification. He has rolled a plate of con- 
siderable dimensions by pouring the fluid metal into the 
space between two rolls cooled by water, the metal chill- 
ing in a plate as the rolls revolve. If this method could 
be carried out successfully, wo might hope for much 
larger and more homogeneous plates than is possible with 
the present system of puddle balls. We might in fact 
calculate on a continuous web of iron from the rolls, on 
the same principle as that produced by the paper-machine, 
provided the converting or leading furnaces arc sufficiently 
large and numerous to keep up the supply. 

The results of experiments on the tensile strength of 
the iron and steel produced by this process will be found 
in Chapter X. They show a very high tenacity. 

Wrought iron, as ordinarily made, is found to possess 
about one-half of the power of cohesion which it has 
when manufactured in a fluid state, and is allowed to 
retain a minute quantity of carbon ; indeed, iron, under 
the various forms in which it is met with in commerce, 
presents an anomaly not to bo found in any other of the 
staple manufactures of this country. 

When in the state of cast-iron, the metal contains 4 
per cent, of carbon, has a tensile strength of 18,000 lbs. 
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per square inch, and is worth L.3 per ton. Deprive it of 
thia 4 per cent, of carbon, and it becomes malleable iron : 
it hag then a tensile strength of 56,000 lbs. per square 
inch, and is raised in value from L.3 to L.8 per ton. But 
if we leave in it 1 per cent, of the carbon it originally 
contained, it will have a tensile strength of at least 130,000 
lbs., and its selling price will have risen from L.8 to L.5U 
per ton. Such facts may well suggest the question, Can- 
not iron lie purified, and this 1 per cent, of carbon bo left 
in it, without raising its cost to L.50 per ton ? — Cannot 
we have the great cohesive strength, the hardness and 
the homogeneous character of iron fully- developed, with- 
out that commercial barrier which the old system of 
making cast-steel has ever placed in the way of its em- 
ployment for all constructive purposes ? 

Until very recently, cast-steel has been considered to 
,be a hard and brittle material, and has been employed 
almost exclusively for cutting tools — ita hardness, and 
the difficulty of working it, rendering it unfit to take the 
place of iron for general purposes. Well carbonised east- 
steel, made by the Bessemer process, has been found to 
bear a tensile strain of 100,000 lbs. per square inch ; 
while pure decarbonised iron, made by the same process, 
will only bear on an average 72,000 lbs. 

Within these limits, however, there is an ample margin 
for the manufacture of several distinct qualities of malle- 
able metal, each especially suited to peculiar uses. Tims, 
steel containing 1£ per cent, of carbon, and capable of 
bearing a tensile strain of 150,000 lbs., may be employed 
for the upper web of a plato or box girder to great advan- 
tage, where it would bear safely an enormous compressive 
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force, but it would be a very improper material to employ 
in the construction of a a team-boiler. 

The light cast-steel girders, of 70 feet span, erected 
last year on the Thames by the Corporation of tho City of 
London, were made of a mild, tough steel, bearing only a 
tensile strain of 45 tons per square inch, and arc of half 
tho scantling of the wrought-iron girders used in the 
same structure. In many cases it will, however, be per- 
fectly safe to employ a somewhat harder metal than these 
girders were made of. For instance, some large pump- 
rods recently made, in lengths of 30 feet each, were re- 
quired to stand a proof of 120,000 lbs. per square inch. 
It has, however, been found that iron containing from £ 
to ^ per cent, of carbon, and capable of bearing from 
90,000 to 100,000 lbs- per squaro inch, is most suitable 
for general purposes, hut it is especially so for steam 
boilers, as it will bear punching and flanging like a sheet 
of copper.* The engraving fig. 00, carefully traced from 
a photograph by Mr Charles Wright, shows several pieces 
of the Bessemer steel, of the tough quality last named, all 
of which have been bent or twisted cold. Among them 
are two pieces of a cast-steel rail, one formed into a spiral, 
which partly untwisted itself ■when released from the 
machine, and the other folded up by several blows from a 
2£ ton steam-hammer. There is also shown a 3-inch 
squaTe steel bar, which affords a good example of the 
power of this metal to resist fracture by a torsional strain. 

* In ono establishment near Manchester, sis of these stocl boilers arts 
In use, nuJer n nmsLiint n-oriiiijj pressure of 100 lbs. per square inch. 
Their dimensions arts 30 feet in length by 6 feet 0 inches iu diameter, tho 
plates being of an inch in thickness. 
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Its angbs, originally 3 inches asunder, are seen to ap- 
proach within 1| of each other, the original flat sides of 
the bar being formed into a deeply indented groove ; and 
in the spaco of 12 inches from the fractured end, tin- 
angles, measured on tbeir present extended line, are equal 
to 22 inches in length. These examples of extreme tough- 
ness and power to resist fracture until entirely altered in 
form, will, it is hoped, tend to dispel the very popular 
error, that cast-steel "snaps like glass," and cannot be 
safely employed as a substitute for wrought iron. 

To the details of the process by which these results 
have been obtained, at a cost which can compete success- 
fully with common iron, already given, Mr Bessemer lias 
furnished the following additional particulars. Fig. 51 
represents an external view of the converting vessel A 
and its accessories. The converting vessel has already 
been described and figured at page 145. This vessel is 
supported on axes, which project on each side of it, a 
little above its centre of gravity, and these rest on the 
standards B, which are firmly secured to the fouudation. 
On one of the axes a spur wheel, C, is fixed, which re- 
ceives motion from the pinion and handle D, so that 
at any time a semi-rotatory motion of the vessel may be 
effected by simply turning this handle in the required 
direction. In front of the vessel is fixed a hydraulic 
crane E, having an arm G-, to which the casting-ladle H 
is attached. A semicircular casting-pit J is sunk in the 
floor, and has placed in it any convenient number of 
ingot-moulds K, arranged side by side, all of them being 
equidistant from the centre of the crane. The casting- 
ladle is raised and lowered down as near as convenient to 
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fhe month of the moulds. This crane and ladle arc shown 
in section in fig. 52. The inside of the ladle is defended 
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by a coating of loam, and at the bottom of it an opening 
is made, to which is fitted a small tubular piece of baked 
fire-clay. Anothor piece of fire-clay, of a conical form, is 
fastened on the lower end of the rod L, forming a sort of 
cone-valve. The rod rises above the (op of the ladle, and 
descends on the outside of it. The outer limb of this 
fork-shaped piece passes through guides attached to the 
ladle, while that part of it which occupies the interior of 
the ladle is defended from the action of the fluid metal by 
a coating of loam. By means of the handle K, this forked 
rod is moved up and down, and thus opens or closes the 
orifice in the bottom of the ladle when desired, and there- 
by regulates the admission of the metal into the several 
moulds, and entirely stops the stream while tho crane is 
moved on, its axis from one mould to another. This mode 
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of filling the moulds is rendered necessary, on account of 
tho extreme difficulty which is found in pouring the fluid 
steel over a lip formed on the top edge of the ladle, with- 
out allowing some of tho fluid slag to go over with the 
metal and become intermixed with it. Tho rapidity with 
which the solidification of majleable iron takes place in a 
cold metal mould would prevent any slag that might he 
taken down with the falling stream from rising again to 
the surface. It is also essential that the metal should 
descend in a vertical stream down the centre of the mould ; 
for if the stream is allowed to flow in contact with the 
cast-iron mould, the latter is immediately melted at that 
part, and becomes firmly united to the ingot. 

Tho blast of air is convoyed into the converting vessel 
through one of tho trunnions, which is made hollow for 
that purpose, and passes by a pipe into tho tuyere-box R, 
which is so arranged as to be easily detached. Two or 
more -of these tuyere-boxes arc provided, so that on the 
removal of one set of tuyeres, another box and tuyeres 
may be in readiness to replace it. The tuyeres are seven 
in number, each one having five separate holes through 
it, of i of an inch in diameter. These holes allow the 
air to pass vertically upwards into the mass of fluid metal 
in 35 separate jets. 

When the apparatus cannot be supplied witli fluid 
metal direct from the blast-furnace, it has been found 
preferable to melt the pig-iron in a reverboratory furnace, 
from which the metal may be conveyed in a ladle to the 
converting vessel, which is moved into a nearly horizontal 
position to receive it, the tuyere end of the vessel being 
sufficiently raised to keep the orifices of the tuyeres above 
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the level of the metal. When about 2D cwt. of crude iron 
lias been run in, the blast is turned on, and the vessel is 
rapidly moved into the position shown in fig. 49, when 
the process instantly commences, the jets of air rushing 
upwards, expanding in volume, and dividing into an infi- 
nite number of globules, which become dispersed through- 
out the fluid mass. The silieium is first attacked, neither 
the iron nor carbon being operated upon to any extent 
while any silieium remains. When the crude iron con- 
tains about 1 1 per cent, of silieium, it requires about twelve 
minutes' blowing to remove it, during which timo only a 
few sparks make their appearance ; but as soon as the 
silieium is nearly all eliminated, the carbon and iron are 
more and more acted upon. At about this period, two 
minutes suffice to entirely change- the outward indications 
of the process, for in that short space of time the bright 
Sparks previously seen issuing from the vessel have almost 
wholly disappeared, and a voluminous flamo rushes out of 
the mouth of the vessel, gradually passing from orange to 
a brilliant white. The light is so intense as to project 
shadows of every object on the wall of the building, even 
at mid-day. In about 25 minutes from the commencement 
of the process, this flamo is observed to drop off suddenly, 
thus indicating the complete decarbonisation of the metal. 
Combustion can therefore no longer go on. The vessel 
is then immediately turned again into the horizontal 
position, and a small quantity of carburet of manganese, 
mixed with carburet of iron and silieium, is added, the 
vessel is again turned up, and the blast is driven through 
it as before ; the manganese almost wholly disappears in 
a few seconds, but the carbon is retained. ■ The steel may 
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thus bo carbonised to any desired extent, entirely depend- 
ing on the known quantity of carbon thus added to the 
converted metal, while the carburet of manganese effects 
precisely the same chemical change as it does in the thou- 
sand other steel pots in which it is daily employed in 
Sheffield — i.e., it confers on it the property of welding and 
working more soundly under the hammer. Mr Heatli 
first discovered this important fact while residing in India, 
and in the year 1839 he patented the discovery in England. 
So well did ho understand the chemical changes brought 
about by the employment of this alloy in steel, without 
reference to the mode by which the steel was manu- 
factured, that he claimed in his patent " the employment 
of carburet of manganese in any process whereby iron 
is converted into cast-steel-" No sooner is the mixture 
of the metals effected than the casting-ladle is brought 
under the mouth of the vessel, which is then turned down , 
as shown in fig. 51, and the fluid steel poured into the 
ladle ; the ram is then raised by simply turning a handle, 
and the crane-arm is swung round so as to bring the 
orifice of the ladle over one of the moulds ; tho handle N 
is then depressed, which raises the fireclay valve, and 
allows the fluid steel to flow in a clear round stream into 
the iron moulds beneath ; all slags or dry oxides float on 
the surface of the fluid in the ladle, and cannot possibly 
enter the mould. "When one mould is filled, the cone-valve 
is shut down and the ladle is moved over the next mould, 
and so on until all the steel is formed into ingots, the pro- 
cess occupying 30 minutes from the pouring in of the 
crude iron to the formation of tho metal into east-steel 
blooms or ingots. 
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The metal silicium plays a most important part in this 
process ; and however injurious it may bo found when pre- 
sent in comparatively large quantities, it is of the utmost 
service when employed in minute doses. Whenever decar- 
bonised fluid iron is deprived of every atom of silicium, as 
in the process just described, or when blister-steel free of 
silicium is meitod in crucibles, it is found to disengage 
gas rapidly in the act of cooling (in the same way that 
silver does), and thereby produces unsound castings, the 
steel in some cases boiling in the cold cast-iron mould so 
furiously as to run over the top, and more than half empty 
the mould. "When the metal is in this unmanageable state, 
it has been found that X lb. of silicium put into 2000 
lbs. of steel entirely stops the boiling action, and causes 
the metal to lie as quietly in the mould as common cast- 
iron would do. Now, tho metal silicium is most difficult to 
obtain in such quantities as are required for commercial 
purposes, but, like manganese, may be reduced most 
readily when intimately combined with oxido of iron. 
Hence the metal put in at the end of the process is an 
alioy of manganese, silicium, and iron, obtained by the 
simultaneous reduction of their oxides previously mixed 
in the requisite proportions. 

It is curious how, by the merest accident, and entirely 
without their knowledge of the fact, the steelmakers on 
the old plan have for the last forty or fifty years taken 
the benefit of this alloy. In making the 5000 crucibles 
which daily are put into the steel furnaces of Sheffield, 
it has been found most convenient to form them with a 
small round hole in the bottom. These crucibles are placed 
in the furnace upon a flat lump of fireclay, and a handful 
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of sand is thrown into them for the purpose of stopping 
up this hole and preventing the eacapo of the steel. The 
intense heat of the smelting process, aided by the carbon 
present in the steel, and by the small quantity of charcoal 
usually put into the crucible with it, suffices to reduce a 
small portion of the sand or silicic-acid into the metallic 
state ; tho silicium thus formed alloying the steel, gives 
that quietness and freedom from boiling known in the 
trade as "dead melted." The analysis of cast-steel of 
the highest qualities invariably shows this alloy of sili- 
cium. 

At present there are two distinct modes of working the 
Bessemer process : that just described is the system pre- 
ferred in England ; but in India and Sweden, where the 
process is rapidly extending, the fixed vessel has been 
adhered to, and the various qualities of steel and malleable 
iron at the works of Mr Goranson of Geffle are entirely 
regulated by the quantity of blast and the time of blowing ; 
no manganese is used at any stage of tho process, nor is 
any metal added to regulate the temper of the steel. Over 
700 tons of steel so produced have found their way into 
the English market within the last seven months, the 
whole of which was made in precisely the manner de- 
scribed by Mr Bessemer in bis paper read at Cheltenham 
in 1856, and quoted at the commencement of this chapter. 

In the conversion of crude iron into steel by a blast of 
air, a great waste of metal may bo made, if the quantity 
and mode of applying the blast is not directed by a person 
having a practical knowledge of the process ; but with this 
knowledge (easily acquired), tho loss of metal is extremely 
small. Mr Goranson, who employs the fluid crude iron 
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direct from the blast furnace, took the trouble to weigh 
accurately all the fluid iron employed for this purpose at 
liia works during a whole week, and in his report of the 
results obtained, he states the actual loss in weight to be 
8-72 per cent. — tbat-is, the cast ingots, together with the 
scrap or steel accidentally spilled, was within 8-72 per 
cent, of the weight of cast-iron tapped from the blast 
furnace. At the Sheffield works the iron is melted in a 
reverberatory furnace, which causes a loss of 5 or G per 
cent, in the first instance ; and coke-made pig-iron being 
less pure than that employed by Mr Giiranson, a further loss 
of about 10 por cent, takes place in the converting vessel, 
making a total loss of 15 or 16 per cent, of the pig-iron 
employed. Tho loss has occasionally been as low as 13 per 
cent, and as high as 20, but it is believed that it will be 
further reduced when converting five tons of crude metal 
at a single charge. Not only is tho loss in the converting 
process small ; but in the after process of hammering and 
rolling, the loss from oxidation is much less than that 
which takcs'placo in making wrought-iron in the usual 
\va.y—jirsthj, because the temperature of the blooms is 
much less ; secondly, because it is only worked onco with- 
out piling; and, thirdly, because the solid ingot presents 
very much less surface to oxidation than a pile of small 
bars. Henco it follows that a ton of pig-iron may be con- 
verted by the new process into bars or plates of cast-steel 
in much less time, with less fuel, with less manual labour, 
with less engine power, and with a loss loss of metal, than 
the same ton of pig-iron can be made into common 
wrought-iron by the ordinary process, to say nothing of 
the increased commercial value of the product. 
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An important feature of the now process is, that it 
affords great facility for the production of large masses of 
tough malleable metal, without increasing the cost in the 
same ratio as in tho old process, where every large mass 
ia built up of small pieces more or less perfectly united, 
and moro or less injured in quality, by being reduced to a 
soft state approaching fusion, in order to favour the ad- 
hesion of each successive piece as it is added to the mass. 

"When a largo forging of the Bessemer steel is required, 
the fluid metal is poured into a massive iron ingot mould 
equal in weight to the fluid metal, where it passes in a 
few minutes into a solid state. The rapidity with which 
the iron-mould absorbs the heat is shown in eight or ten 
minutes after pouring in tho fluid steel, by the mould be- 
coming red-hot, although sometimes weighing more than 
a ton. The result of this rapid solidification is the forma- 
tion of small crystals not easily detached from each other, 
as is the case with large and well defined crystals pro- 
duced by slow solidification. 

In all cases the employment of metal containing phos- 
phorus should be avoided, as that substance assists in the 
development of crystals in a most extraordinary manner, 
and thereby causes the metal to be cold-short. The effect 
of this substance on some other metals is most remark- 
able : if one ounce of phosphorus be put into one cwt. of 
melted tin, it entirely alters the whole character and pro- 
perties of the metal ; for on cooling, the mass crystallises 
in large and distinct crystals, having so feeble a cohesion 
as to allow of their separation by a very light blow. Fig. 
53 is copied from ono of Mr Wright's photographs of a 
fragment of phosphorised tin, and shows how large and 
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perfectly the crystals are developed m a piece of only 
2 lbs. in weight. 




Fig. 5S. 



As an illustration of the mode of treating large masses, 
an instance may be given in which the crude pig-iron 
was tapped from the reverberatory furnace at 10 a.m., 
and by 10.30 was converted into mild cast-steel, and 
formed into an ingot of 1G inches Hquare by 3 feet 6 inches 
long; at 10.50 it was removed from the mould and put 
into the heating furnace, in order to restore a little of the 
beat taken from its exterior by the mould, and thus 
render the whole mass nearly uniform in temperature, 
the central part still being a h'ttle higher in temperature, 
so as to be readily acted upon by the hammer. During the 
afternoon this ingot was formed by hammering into a 
truncatod cone 7 feet 10 inches long, and JO inches 
diameter at ono end, and 8 inches at the other, and was 
the first gun -block made by the Bessemer process in steel. 
In December last it was finished at Liege, and proved 
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under the direction of the Belgian Minister of War ; it 
was bored for a 12-lb. shot, the interior being 4§jf inches 
diameter, the exterior being finished at 9£ inches diameter 
at the breech end, and 7i inches at the muzzle, weighing 
9 cwt. and 23 lbs. ; whereas an ordinary cast-iron gun of 
the same calibre would measure 1(S"22 inches diameter 
at the breech, and 10-39 at the muzzle, weighing 34 cwt. 
The steel gun (if such a thin tube may so be called) was 
ordered to be proved & Voutrance, with increasing charges 
of powder and shots until it should give way. The charge 
for commencing the proof was 4 lbs. 7$ oz. of powder 
and two 12-lb. shots. The charges of powder and the 
number of shots were increased up to the twenty-second 
round, when the gun gave way under a charge of C lbs. 
11£ oz. of powder and eight 12-lb. shots. Tho gun did 
not burst longitudinally, but separated in two pieces, about 
four feet of the muzzle end being blown off. This will 
afford some idea of the great tenacity of this metal, even 
when of large section, and not much worked under the 
hammer. Nor must this be considered as a maximum 
result ; since the precise quality of metal best suited to 
this purpose can only be determined by numerous trials, 
it is highly improbable that the best temper was arrived 
at on the first attempt. 

While cast-steel made by. the direct conversion of pig- 
iron is quietly working its way into tho great engineer- 
ing establishments of this country, and some of our most 
wealthy and enterprising iron and stool manufacturers are 
preparing to exchange the old for the new system of 
making steel, the daily working of the process only affords 
fresh proof of the desirability of a still further improve- 
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raeiit in the apparatus employed. The change of tuyeres 
in the present vessel causes a delay of four or five hours, 
and allows the vessel to get cold in the interval, and thus 
impedes that rapid and continuous working which is so 
highly desirable. The loss of time occasioned by the pre- 
sent mode of setting tho tuyeres has led to an important 
improvement in the construction of the apparatus, which 
will enable the workmen to convert a charge of metal 
every hour, night and day without interruption, and thus 
render the heating of the vessel from time to time with 
fuel quite unnecessary, and enabling a small vessel to 
turn out 200 tons of steel per week. 

In this improved converting vesBel the globular form 
has been chosen, because it is easy of construction, and 
well suited to sustain its great weight from two points of 
support; the lining of the interior is also more stable 
than with any other form, and presents less surface for 
radiation of heat. The apparatus is shown in section in 
fig. 54, and in elevation in fig. 55. The casting pit 
extends beneath the vessel A, which is placed so low 
down that a charge of crude iron may be run into it by a 
gutter on the level of the floor ; like the former vessel it 
is supported on trunnions, and carries on one of them a 
pulley-wheel B, around which passes a wire-rope attached 
to a hydraulic lift or ram ; a counterweight is suspended 
from the opposite side of the drum. Tho whole of this 
apparatus being below ground is operated upon in a 
similar manner to the casting crane before described, and 
which is also used with tho now vessel. 

In this modification of the apparatus the tuyere box is 
entirely dispensed with, the air not being admitted through 
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separate tuyeres let into the bottom of tlie vessel, but the 
blast is bTouglit downwards by a single tuyere, D, from the 
Tipper part of the vessel, so that the tuyere may be re- 
moved from the vessel and a new one put into its place 
without disturbing the lining of the vessel. It is raised 
or lowered when required by a small hydraulic crane E, 
having a long tubular arm extending to the upper end of 
the tuyere. The blast-pipe G rises vertically up from the 
floor level, and is parallel with the plunger of the hydraulic 
crane ; an elbow-pipe II, having a telescopic joint, estab- 
lishes a communication at all times between the blast- 
pipe and the tuyere, notwithstanding the motion of the 
crane, in any direction ; thus the whole movements of the 
converting and casting apparatus are effected steadily, 
and without effort, by any workman in charge of the 
handles of the hydraulic apparatus. After a charge of 
metal has been converted, the tuyere is lifted out, and 
the vessol turned round so as to pour it into the easting 
ladle ; the vessel is then turned up, and the tuyere again 
inserted, or a new one is put in if the old one is too much 
worn. The tuyere is composed of circular bricks having 
a central hole, through which a stout iron rod passes, 
and by means of which the tuyere is firmly held together ; 
the passages for the air surround the central rod, and 
the current of air passing down them, prevents the rod 
from being made too hot The vessol is 7 feet in oxtornal 
diameter, and capable of converting from 2 to 2J- tons 
of steel at each charge, the process occupying about 
25 minutes. 

In order to prevent a stoppage of the operations in tbe 
converting-house by any accident occurring to the con- 
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verting apparatus, it will be found preferable to mount 
two vessels at each casting-pit. This plan has also the 
advantage of allowing the two vessels to be used simulta- 
neously when any very large ingot or casting is required ; 
and it must be borne in mind that this facility of produc- 
ing steel or malleable iron castings in loam moulds ia 
another most important feature of the new process, arising 
out of the treatment of malleable iron in a fluid state. 
"Wherever lightness and great strength are required in 
iron castings, this material should not be overlooked by 
the engineer. The framing of marine engines, screw 
propellers, the cylinders of hydraulic presses, and a hun- 
dred other uses, will present themselves, when it is known 
that castings can be made of this malleable metal, and 
portions of these castings may be forged and drawn out 
if required, and will give to such parts a great additional 
strength. For example, tho mouthpieces for the scoops 
of a dredging machine were, for sake of convenience, cast 
as flat plates of the peculiar shape required, and were 
bent afterward into the proper form to fit the scoop. The 
unhammered malleable iron has a -tensile strength of 
41,000 lbs., and steel in the same condition 63,000 lbs., 
this being the mean of eight different trials made at the 
Woolwich Arsenal. Taking the weekly produce of a pair 
of 7-feet converting vessels to bo only 200 tons of caet- 
steel, their powers of production will present a curious 
contrast to the immense series of buildings and furnaces 
required to produce this quantity of casi^steel by the old 
process, for which purpose most extensive works would 
be required ; for, even after the pig-iron has been made 
into malleable iron baTS, and these bars hare been kept 
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at a white heat for eight or ten days, and have been con- 
verted into h lister-steel, the mere melting of this steel, 
and casting it into ingots, would require no less than 
4750 crucibles, with their lids and stands, 200 workmen, 
60 boys, 700 tons of hard oven coke, and 7G0 separate 
melting furnaces, costing for their erection L.31,000. 

We aro informed that in Sweden several companies are 
already using the process, the purity of their iron oifering 
peculiar advantages in its application ; and in France, 
Belgium, and Sardinia, it is already being carried into 
effect. 



CHAPTER IX. 



THE PRODUCTION OF STEEL. 

Dubdtg the last ten years a movement in advance of old 
customs has been going on in the manufacture of iron and 
steel, of so important a character as almost to constitute 
a revolution in the processes of conversion of crude pigs 
into malleable iron and steel. Since the introduction of 
the hot-blast there has been no important improvement 
in tho reduction of the ores, nor is any great amount of 
saving likely to be effected in that process. But as regards 
the conversion of the iron into the malleable state, and 
into the varieties of steel, very important improvements 
have been effected during a period extending back not 
more than five or ten years. This is especially true of tho 
processes for the manufacture of steel, in which the crude 
iron, having first been deprived of carbon in the refinery 
and puddling furnace, was again carbonised by being 
immersed in a hot bed of charcoal for a week or a 
fortnight. Recently it has been attempted to substitute 
for this roundabout method one in which the crude iron 
should be converted directly into steel by depriving it of 
its excess of carbon. This has been done in the puddling 
furnace, by staying the process of dccarburisation at the 
point at which the metal retains 1 or 1-5 per cent, of 
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carbon, and it has also been effected by introducing 
currents of air in the manner described in tie last 
chapter. To a careful study of metallurgic chemistry, and 
repeated mechanical tests, we are iudebted for these dis- 
coveries. These, united to more perfect machinery, have 
already largely affected our iron manufacture, and seem 
likely to benefit the country and our widely extended 
commerce. To Mr Bessemer, amongst others, we owe the 
movement in this direction ; and although he has not yet 
accomplished all ho promised at the Meeting of the 
British Association at Cheltenham, he nevertheless set 
others to work as well as himself, and by indomitable 
perseverance and skill, he has probably done more for the 
new process than any one else since the days of Cort. 

Notwithstanding the work — the good work — which has 
already been accomplished, we are still far short of that 
degree of perfection necessary to produce the finer qualities 
of iron and steel with certainty and effect. It is true that 
the last four or five years have effected wonderful im- 
provements in the production and quality of iron and 
steel, but we are still defective in the means of producing 
the same quality continuously from the same ore and 
fuel. For example, an order is given for a quantity of steel 
or iron plates, with regard to which it is essential that the 
whole should be as nearly as possible uniform in strength 
and character, and that none of the plates should be under 
a certain standard tenacity. It is true that numerous 
samples will reach the standard ; but, on the other hand, 
one plate in a hundred of inferior quality, if not detected, 
may, when introduced into some constructions, lead to 
disastrous consequences, and condemn the whole manu- 
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facture. In reference, therefore, to the improvements now 
in progress, it is essential to the interests of the iron trade 
that the manufacturers should study uniformity in the 
character of the article produced, in order that it may be 
raised to a high standard of excellence, in which the 
manufactures of this country should stand conspicuous. 

Steel is a carburet of iron containing a less proportion of 
carbon than cast-iron by smelting. The latter, it has been 
seen, contains 4 or 5 per cent, of carbon, whilst in steel 
the proportion is only 0'5 to 1*5 per cent. Hence the 
direct method* of obtaining steel is obviously to deprive 
the crude pig-iron of a part of its carbon, to reduce its 
amount to the requisite proportion. This direct method 
has already been described in the previous chapter. On 
tho continent, and recently in this country, a modification 
of the puddling process is employed for the same purpose. 
But, notwithstanding many advantages of directness and 
economy, it is not yet tho process most generally adopted. 

In fact, the usual process, hitherto, has been tho reverse 
of this ; wrought-iron bars of the finest quality are selected, 
and the necessary carbon is imparted to them by " cemen- 
tation." In this way the purest steel is obtained. The 
cast-iron for this purposo must be obtained from pure ores 
and smelted with pure fuel ; and the puddling process by 
which the wrought-iron bars are produced tends to eli- 
minate injurious alloys. Thus manufactured, the iron is in 
the best condition for manufacturing a pure steel, capable of 
taking the finest edge and the greatest degree of hardness. 

I. THE rnOCESS OF CEMENTATION. 

To obtain steel by this process the purest wrought-iron 



172 



IRON MANUFACTURE. 



bars are selected, foreign bara being preferred. Down to 
a recent period, Swedish and Russian bars were almost 
exclusively employed, notwithstanding their high prico ; 
these, smelted by charcoal, have a manifest superiority 
over all the irons of this country, where the ores are 
poorer and the charcoal scarcely to be obtained. These 
irons, therefore, are still preferred by the steel manu- 
facturer, being employed where fine qualities are required. 
For inferior purposes, spring steel, &c, some English 
wrought-iron has of late been used with success. 

The bars, selected with care, according to the steel to he 
produced, are broken into convenient lengths, and placed 
iu layers in pots mixed with and surrounded by charcoal. 
Those pots are subjected to an intense heat, by which the 
carbon is vaporised, and gradually penetrates the iron and 
combines with it. The heat is continued for nine to eleven 
days, after which the bars are removed, and often present 
a blistered surface. Ilence this quality is termed "blis- 
tered steel." 

The furnaces in which the cementation is effected is 
shown in fig. 5G ; a a are the pots in which the steel is 
placed, 12 feet long and 3 feet square, composed of a 
refractory siliceous fire-stone or fire-brick. Two of these 
pots are placed side by side, with the grate g, of equal 
length, between them. They need to be supported on 
massive foundations, to avoid sinking and fracture; and 
they are arched over by fire-brick in such a manner that 
the flame passes between, under, and around them on 
every side. In the arch covering them, there are open- 
ings, c c, into the lofty dome-shaped chimney C, which 
covers all. The pots hold during each heat 15 or 1G tons 
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of iron, and fourteen or sixteen heats are obtained in each 
per annum. 

In filling these pots, 
the converter gets into 
the pot and spreads a 
layer of charcoal over 
the bottom. His as- 
sistant then hands 
him in the bars, which 
be spreads in an even 
layer, making allow- 
ance for expansion. 
Over them is spread 
a layer of charcoal 
dust, and then a se- 
cond layer of bars,and 
so on till the pot is " 
filled; alayer of fouror 
five inches of loam or 
wheelswarf is rammed 
over all, and the pot 
is ready for heating. 

Each chest has an 
opening in which test- 
bars are laid, so that they can be withdrawn during the 
process of cementation, and the amount of carburisation 
ascertained. The appearance of tho test-bars is a suf- 
ficient guide to a skilful converter as to the degree of 
carburisation which has been ciFected. 

The steel thus obtained is known as blister steel; the 
bars, from the nature of tho process, are hardest outside, 
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and are therefore unfit for immediate use, except for a 
few purposes, such as for files, shovels, &c. 

Cast Steel consists of tlio bars of blister stool broken up 
and placed in crucibles, melted and cast into ingots. The 
crucibles are placed in a simple melting furnace, holding 
six, twelve, or more pots, a cross section of which is shown 
in fig. 57 ; g is the grate, c the crucible with its cover, a 
the chimney-stack, b a loose cover over the opening in 
the furnace, through which the pots are inserted and 
withdrawn. The pots having been placed in position, 
and raised to a whito heat, the blister steel is inserted, 
the cover put on, and 
the furnace filled up 
with coke. When the 
steel is melted the 
pots are withdrawn, 
and the steel poured 
into cast-iron ingot 
moulds. The pots arc 
replaced in the fur- 
nace, and receive a 
second and third 
charge, after which 
they are thrown aside. 
The steel thus ob- 
tained is vory homo- 
geneous, all the irregularities of carburisatiou of the blister 
steel having been got rid of by fusion. The ingots are 
worked under the tilt-hammer to the required shapes and 
sizes. 

Shear Steel is blister steel cut up, piled and welded 
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under the tilt-hammer, the piling answering the same 
purpose as fusion, hut loss perfectly, in producing homo- 
geneity of structure. 

Double Shear Steel is single shear steel a second time 
cut up, piled, heated, and tilted. 

Fluxes are sometimes put with the blister steel into the 
crucible in making cast-steel. Chloride of sodium has 
been used by Mr Mushet and others with a view of puri- 
fying the metal. Binoxide of manganese has also been 
used, though makers are not agreed as to the part it plays 
in the process. Steel obtained from manganiferous ores 
is known to he of a line quality, but this does not appear 
to result from the retention of the manganese in the steel. 
" The most satisfactory explanation of the beneficial effect 
of manganese is afforded by tho protracted treatment to 
which it is found necessary to submit iron containing 
much of that metal, in order to effect its proper deear- 
bonisation, and the facility thus afforded for its complete 
purification." — (Abel.) Mr Heath's process, celebrated as 
having been contested in every superior court in this 
country, is to introduce carburet of manganese into the 
crucible with tho blister steel ; but the carburet may be 
found in the crucible by introducing oxide of manganese 
and coal-tar. Metallic manganese has been used by Mr 
Mushet to correct red shortness or cold shortness in 
steel. 

II. HOMOGENEOUS IKON. 

For some purposes, cast-steel is produced from wrought- 
iron by fusion with carbon in a crucible. For this pur- 
pose, foreign selected bars are cut up and introduced into 
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tho crucible in the ordinary steel melting furnace, fig. 57, 
along with a small quantity of charcoal, which, during 
fusion, combines with the iron. The hardness of tho steel 
depends upon the quantity of charcoal introduced. For 
tool steel, 1*5 to 17 per cent, is introduced ; for a soft steel 
for engraving purposes, Mr Hurst of Eamsbottom intro- 
duces less than one per cent, of charcoal with the iron, 
and the resulting metal is soft, receives a high polish, and 
casehardens without bending. This steel, or partially 
carburised iron, I have tested, and found to sustain a 
strain of 35 tons to the inch. Tho temperature of fusion 
is much higher than in melting steel, and the pots wear 
out correspondingly fast. A Sheffield firm have also in- 
troduced a mild steel of this kind to a considerable extent, 
under the name of homogeneous iron. I have fouod this 
material to take an average tensile strain of 41£ tons, or 
double that of wrought-iron. 

ni. m. chenot's process. 

M. Chenot's works, or rather those of M. Bugeney and 
Co., are in tho immodiato neighbourhood of Paris ; and 
having visited them on two different occasions, I have 
less hesitation in giving a brief statement of this peculiar 
process, so far as I could gather it from M. Chonofc and 
his sod, who have the management of the works. 

M. Chenot makes steel direct from tho ore by convert- 
ing it into a substance he calls sponge, in a peculiarly 
constructed furnace, 50 feet high and about 18 feet square 
at the widest part. To this furnace arc attached other 
furnaces which contain the fires, and great care is taken 
that only the gaseous products of combustion come in con- 
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tact with the ores. The large furnace ie constructed with 
numerous intersecting flues to distribute the heated cur- 
rents from tho attached furnaces, and to equalise the 
temperature at those parts where they come in contact 
with the ores. 

It requires five days to convert the ore into sponge, 
and every twenty-four hours 18 cwt. or a ton are with- 
drawn from the furnace by a moveable grated platform, 
which rises by rack and pinions to the requisite height 
in the furnace, where it receives the charge, and is 
lowered at the required temperature to tho space prepared 
for its reception below. Great care is taken to shut 
out the air by a luting of sand and clay all round the 
platform over which tho sponge ia removed from the 
furnace. 

The ore being thus calcined or converted into sponge, 
it is allowed to soak in oil or any other fatty substance 
calculated to supply it with carbon. After this it is 
placed in wrought-iron retorts, and exposed for a couple 
of hours to the heat of a furnace in order to carry olf any 
exceBS of carbon which it may have received. The sponge 
is next reduced to powder, and then compressed by ma- 
chinery into bars in strong iron tubes. In this state it is 
fit for melting, and being placed in a crucible, with four 
tons of coke to one of steel, it is thence run into ingots. 
Lastly, it is prepared for the market in the usual way 
under the hammer. On the quality of this manufacture 
I can speak with some certainty, having brought several 
specimens homo with me ; and, judging from these, I 
can safely pronounce the Chenot manufacture a superior 
description of steel. 

h2 
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IV. PROCESS OF CAPTAIN UCHATIUS. 

In this process cast-steel ia produced direct from crude 
iron. Tho pigs are melted in a cupola, whence they are 
run into a cistern of cold water, and granulated hy strik- 
ing a rapidly revolving dash wheel. The finely divided 
particles thus obtained aro mixed with pulverised oxide 
of iron, or sparry iron and fine clay ; these having been 
intimately mixed, are introduced into a crucible and fused 
in the steel melting furnace. The granules of cast-iron, 
surrounded by rich oxides, yield up part of their carbon, 
and a slag is formed which purifies the steel. Part of the 
oxides arc reduced, so that the quantity of stool obtained 
exceeds by 6 per cent, the cast-iron introduced. 

The degree of hardness of the resulting cast-steel de- 
pends in a great measure on the size of the granules, the 
smallest granules producing the softest steel, because 
the decarburisation proceeds very slowly inwards from 
the surface. Tho oxidising materials employed in the 
crucible are either very rich haematite ores or pure spa- 
those ores finely pulverised, 20 or 30 per cent, being intro- 
duced according to the amount of oxygen required. 

V. GERMAN REFINING PROCESSES. 

In Styria, Oarinthia, Thuringia, and other parts of the 
Continent, steel is produced from crude-iron by the decar- 
burising effect of a blast in a furnace similar to a refinery. 
The pigs are melted hy charcoal, and a strong blast- 
allowed to play over the molten surface. Tho converter 
stirs up the iron to bring fresh portions under the action 
of the blast, until he judges by the consolidation of tho 
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mass and tho colour of the flame that the process has heen 
carried far enough. 

VI. PRODUCTION OF STEEL BY PUDDLING. 

For five-and -twenty years past it has been well known 
that steel could be produced direct from cast-iron in the 
puddling furnace, by stopping the process of decarburisa- 
tion before the whole of tho carbon had boon eliminated ; 
but it is only recently that the manufacture has assumed 
much commercial importance. The furnace employed is 
similar to that figured at page 92 for puddling iron, or 
may be constructed with hollow cast-iron blocks, through 
which a circulation of water is maintained, surrounding 
the hearth, and with an extra chamber for heating the 
pigs, as shown in figs. 58 and 59. The method of operat- 



1 




Fig. 58. 



ing is similar to that for puddling iroD, already described; 
the difference being that in the latter case the molten iron 
is exposed to the oxidising action of the flame, until as 
far as possible the whole of the carbon originally in it is 
eliminated, whilst in the production of puddled steel the 
process is stopped before that point is reached, and whilst 
the iron retains from J to 1 per cent, of carbon. It is 
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only by experience that the puddler IcatnB by the appear- 
ance of the grains, the consolidation of the mass, and the 

i i - - _ ■ 



colour of the flame, thn preciso cundilion of carburisatiou 
of the materials in tho furnace. When this knowledgo 
has been attained, various qualities of sfcel, softer or 
harder, can bo produced at will with great certainty. As 
soon as the desired degree of caihurisation is reached, tho 
damper is shut, the steel collected into balls, and hammered 
and rolled in the usual way. The bars thus obtained may 
bo broken and tho fractures examined, in order that any 
mistakes in the manufacture may be corrected by the re- 
jection of bad bars. The selected bars are then piled, 
heated, and rolled into bars or plates as may be required. 

By a careful superintendence of the manufacture, and 
the selection of proper iron for the process — tho North 
Welsh, Hrematite, and best Scotch brands being preferred 
— a tough malleable steel is produced, unfit for cutting 
instruments, but capable of replacing wrought-iron in 
many constructions where strength and lightness are de- 
sired. It has been introduced already to a considerable 
extent in boiler-making and ship -building, and attempts 
have been made to apply it to bridges. The mildeT quali- 
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ties have a tenacity of 35 toes per square inch, and tlie 
harder qualities rather above 40 tons per square inch. 
Its cost is about 25 per cent, greater than that of wrought 
iron, owing to a somewhat greater difficulty in working it 
under the hammer and in the rolls. 

VII. MK MUBHET's PROCESS. 

I have bad an opportunity of testing the strength of 
some specimens of gun-metal produced by Mr Mushet, 
which belong rather to the class of steel than of iron, and 
the Tesults of which are given in the next chapter. The 
process by which this metal is produced is not known, but 
the following particulars have been communicated by Mr 
Mushet. 

Bar iron is cut up into pieces of about one ounce weight. 
These are melted in steel melting-pots, with a small pro- 
portion of two other metals, from which the gun-metal 
derives its peculiar properties. The hardness of the alloy 
is regulated by adding a certain proportion of charcoal. 
After fusion the alloy is poured into moulds, and a bloom 
or ingot of gun-metal is obtained. 

The softer varieties can be welded like cast-steel, but 
not the harder varieties, and its tenacity in all cases is 
impaired by raising it to a welding temperature. It ought 
therefore to be rolled or drawn out at a cast-steel heat, 
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THE STRENGTH AMD OTHER MECHANICAL PROPERTIES 
OF CAST AND WROUGHT IRON AND STEEL. 

In this section we have to consider the tensile and trans- 
verse strengths and powers of resisting compression of 
cast and malleable iron, as determined by direct experi- 
ment upon specimens of the material ; and also to ex- 
amine whether, as has been alleged, the hot-blast process 
injures the tenacity of the metal. 

CAST-IRON. 

The following tables give the results of experiments 
undertaken by Professor Hodgkinson and myself at 
the request of the British Association, to determine the 
tensile and transverse strengths of cast-iron derived 
from the hot and cold blast. The castings for ascer- 
taining the tensile strain were made very strong at 
the ends, with eyes for the bolts to which the shackles 
were attached ; the middle part, where it was intended 
that the specimen should break, was cast of a cruciform 
+ transverse section. The four largest castings were 
broken by the chain-testing machine belonging to the 
Corporation of Liverpool, the others by a lever. 
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Table I. — Results of Bxper 



Description of Inn. 

Carron iron, No. 8, hot-blast 
„ „ cold-blast 

„ No. 3, hot-blast 
„ „ cold-blast 

Devon (Scotland) iron, No. 3, 
hotblast 

Buffery iron, No. 1, hot-blaat 
„ „ cold-blast 

Coed-Talon (North Wales) 
iron, No. 2, hot^blast . . 

Do. do. cold-blast . . 









2 


13,505 
10,683 
17,755 
14,200 


6 Ofc 

7 9 
7 181 
6 7 


1 
1 
1 


HI 


9 15J 

C 0 
7 16 


2 

2 


16,676 
18,855 


7 9 

8 8 



From the same scries of experiments we seloct the fol- 
lowing tables, givingthe results obtained in regard to the 
resistance opposed to compression by cast-iron. The 
specimens employed were cylinders and prisms of various 
dimensions, and having their faces turned accurately 
parallel to each other and perpendicular to the axis of 
the specimen. They were crushed by a lever 1 
parallel steel discs. 









. „. V 




1 
1 
i 


3 


G,42<1 
14,542 
22,110 


l ;!!!,<«)!) 

Kil.Wii 
112,61)5 


| 121,885 lbs. 


H = -64 . . . . 


1 


35,888 


111,560 




Prism, base 50 inch 
square .... 

Prism, bass 1-00 
x -26 . . . . 


2 


25,104 
20,276 


100,416 
101,062 


) 100,738 lbs. 
} =44 tons 
) 19£ ewt. 



IRON MANtJFACTUItE. 











i 


2 


lb.. 
6,(188 




■ 1 




14,1911 


12H,478 


i 






123,71)8 


Equilateral trianglo 








side *866 . . . 




32,398 


09,769 


Squares, side J 










2 


24,538 


08,162 


Rectangles, base 








1 00 inch x 243 




26,237 


107,071 


Cylinders, '45 incli 








diameter mid '75 








inch high . . . 


2 


15,360 


96,G34 



125,4(13 lba. 



mn,im it). 



Table IV. — Results o/ ?l.q«:riiii:iils to aic<rl<tin tlo' Force necessary (o 
crash short Cylinders, &c, of Catt-iron from ntrioui parti of the 
United K - 



Devon (Scotch) iron, No. 3, 

hot-blnst, 

Buffery iron, No. 1, hot-blast 

„ „ cold-blast 

Coed Talon, No. S, hot-blast 

„ „ cold-blast 

Carron iron, No. 2, hot-blast 

„ „ cold-blast 

Carron iron, No. 3, hot-blast 

„ „ cold-blast 



145,435 
fc(j,:i!)7 

!):!,:i-:> 

m',770 

111,...,-, til 

111(1,375 

■!n3,4.;u 

115,44a 



47 9| 
59 111 
51 102 



The specimens of Carron iron in Table IV. were prisms 
whose base was J x£=i square inch, and whose height 
varied from | inch to 1 inch. The other specimens were 
cylinders, whose diameters were about £ inch, and height 
varied from h inch to 2 inches. 
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From the above experiments, Mr Hodgkinson concludes 
that "where the length is not more than about three 
times the diameter, the strength for a given base is pretty 
nearly the same." Fracture took place either by wedges 
eliding off (fig. 60), or by the top and bottom forming 
pyramids, and forcing out the sides 
(fig. 61) ; andtheangle of the wedge 
is nearly constant, a mean of 21 
cylinders being 55° 32'. 

From the same series of experi- 
Fig.GO. Fig, 61. mentslgive the results obtained 
by myself, in regard to the effects 
of time and temperature. The bars employed were 
cast to be 1 inch square, and i feet C inches long, and 
were loaded with permanent weights as under ; the de- 
flections being taken at various intervals during a period 
of fifteen months. Coed-Talon hot and cold blast iron 
was employed. 

Table V.—Tkc Effect of Time on haded Bars of Hoi and Cold Blast 
Iran, in their Hxi-taxce lo a Transvtrit Strain. 



It has been assumed by most writers on the strength 
of materials, that the elasticity of cast-iron remained per- 
fect to the extent of one-third the weight that would 
break it. This is, however, a mere assumption, as it has 
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been found tliat the elasticity of cast-iron is injured with 
less thaii one-half that weight, and the question to he 
solved in the above experiments was, to what extent the 
material could be loaded without endangering ita security ; 
or how long it would continue to support weights, varying 
from one-half to one-tenth of the load that would produce 
fracture. Those experiments were continued from six to 
seven years, and tbo results obtained were, that the bars 
which were loaded to within one-tenth of their break- 
ing weight, would have continued to have borne the 
load, in the absence of any disturbing clause, ad infinitum; 
but tbo effect of ehange, either of the same or a lighter 
load, led ultimately to a fracture. 

From these facts it is deduced, that so long as the 
molecules of the material arc under strain (however 
severe that strain may be), they will arrange and accom- 
modate themselves to the pressure, but with the slightest 
disturbance, whether produced from vibration or the in- 
crease or diminution of load, it becomes, under these in- 
fluences, only a question of time when rupture ensues. 

In the following experiments on the relative strengths 
of Coed-Talon hot and cold blast iron to resist transverse 
strain at different temperatures, tho results aro reduced 
to those of bars 2 feet 3 inches between supports, and 
1 inch square. 

From this table it will be seen "that a considerable 
failure of the strength toolc place after heating the No. 2 
iron from 26° to 190°. At 212° we have in the No. 3 
a mueh greater weight sustained than by No. 2 at 190° ; 
and at 600" there appears, in both hot and cold-blast, the 
anomaly of increased strength as the temperature is in- 
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Table VI. — Effect ofTcmpo-atur.: on Ik*.: Trunn'osi Sfnurithof CaitAron. 



Coll Blast, No. 
Hot Blast, No.' 

Cold Blast, No' 

No. 

No." 



141-:>i'i:-n 
1 lLXiiiMU 



bs*g 

liw.'M) 
663-3 



The abovo results are, with one exception, in 
favour of the cold blast, as far as strength is concerned ; 
and in favour of the hot blast, with one exception, as 
regards power of resisting impact 

The following tabic gives the results of my own 
experiments on the transverse strength of rectangular 
cast-iron bars, each bar being reduced to exactly one inch 
square. 

" In the following abstract, the transverse strength, 
which may be taken as a criterion of the value of each 
iron, is obtained from the mean of the experiments first 
on the long bars, 4 feet 6 inches between the supports, 
and next on those of half the length, or 2 feet 3 inches 
between supports." 

" All the other values are deduced from the 4 feet 6 
inches bars." 
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With regard to the comparative strengths of hot and 
cold blast iron, the following extracts from Mr Hodgkin- 
son's report, read before the British Association, give the 
general results of his experiments : — 



Table VlU.—Carron Iron, No. 2. 










Toii.Tiic strength in ) 
lbs. per inch square ( 

CiDiipn^sivL' do. in lbs. "i 
per inch, from cast- > 
Wgs torn asunder ) 

Do. from prisms of ) 
various forms . . j 

1 in. from cylinders . . 

Tmnsvorsc strength ) 
from all the expert- > 
mcnts . . . . J 

Power- to resist impiict 

Ti-iinsvwne stren^ib of t 
burs 1 inch .^inai'fi ( 
in lbs ) 

Ultimate deflection of ) 
do. in inchest . j 

"Modulus of elnstieity j 
in lbs. pel square 

.SpfL-iiiu gravity . . . 


10683 (2) 

100375 (3) 

10063! (4) 
125403 (13) 

(" 

(9) 
476 (3) 

1-313 (3) 
17270500 (2) 
7000 


13505 (3) 
108540 (2) 

100738 (2) 
121 085 (13) 
(13) 
0) 
4G3 (3) 

1-337 (3) 
16085000 (2) 
704G 


1000 ; 809 

1000 : 1020,, ■ 
8 

1000 : looi f| 
1000 : 970jE 
1000 : 991 
1000 : 1005 
1000 : 973 
1000 : 1018 
1000 : 931 
1000 : 997 


Table IX. — Devon Iron, No. 3. 










Tensile strength . . 

Transverse do. from] 
the experi moms gn- 

nraffly. . . . ) 
l'nM-i:r to resist impact 
Transverse strength of ) 

bars 1 inch square j 
I"lii]|j::te di ltivlkili ilu. 
Aliiilnhis-oicliist-icitvih 
.Speciliu gravity . . . 


(6) 

(4) 
448 (2) 
79 (3) 
22907700 (2) 
7-295 (4) 


21907 (1) 
145435.(4) 

IP) 
(4) 
537 (2) 
T09 (2) 
22473050 (2) 
7-229 (2) 


Iff IIS 
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Table X. — Buffery Iron, No. 1 . 



Tensile strength . . . 
Compressive do. . . . 

Power to resist impact . 

bars one inch square ] 
Ultimate deJlccii- its dn. 
Modulus of elustititv do. 
Specific gravity . . . 


17466 (1) 
93300 (4) 
(8) 
(2) 
463 (3) 
1-55 (3) 
7-079 


13434 (1) 
80307 (4) 

m 

(2) 

1-64 (3) 
1373050O 
6098 


10O0 : 769 
100(1 : 925 
1000 : 931 
1000 : 963 
1000 ' 942 
1000 : 1058 
1000: 893 
1000 : 089 


Table XI. —Coed-Talon 


Iron, No. 2. 




Tensile strength . . . 
Compressive do. . . . 

SpLuifiu gravity . . . 


18855 (2) 
81770 (4) 
6-955 (4) 


10070 (2) 
82739 (4) 
6-968 (3) 


UtOO : f-84 
1000 : 1012 
1000 : 1002 


Table XII. — Carroiv Iron,, No. 3, 


Tensile strength . . . 
Compressive do. . . . 
Speeillu gravity . . . 


14200 (2) 
115442 (4) 
7-135 


133440 (3) 
7-056 (I) 


1000 : 1250 
1000 : 989 



" Beginning with No. 1 iron, of which we have a spe- 
cimen from the Euffery Iron- Works, a few miles from 
Birmingham, we find the cold-blast iron somewhat sur- 
passing the hot-blast in all the following particulars: 
direct tensihle strength, compressive strength, transverse 
strength, power to resist impact, modulus of elasticity 
or stiffness, specific gravity ; whilst the only numerical 
advantage possessed by the hot-blast iron is, that it heads 
a little more than the cold-blast before it breaks. 

" In the irons of the quality No. 2, the case seems in 
some degree different ; in these the advantages of the 
rival kinds seems to he more nearly balanced. They are 
still, however, rather in favour of the cold-blast. 
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" So far as my experiments have proceeded, the irons 
of No, 1 have heen deteriorated by the hot-blast ; those 
of No. 2 appear also to have been slightly injured by it ; 
while the irons of No. 3 seem to have benefited by its 
mollifying powers. The Carron iron, No. 3, hot-blast, 
resists both tension and compression with considerably 
more energy than that made with the cold-blast ; and the 
No. 3 hot-blast iron from the Devon Works, in Scotland, 
is one of the strongest cast-irons I have seen, whilst that 
made by the cold-blast is comparatively weak, though its 
specific gravity is very high, and higher than in the hot. 
The extreme hardness of the cold-blast Devon iron alone 
prevented many experiments that would otherwise have 
heen made upon it, no tools being hard enough to form 
the specimens. The difference of strength in the Devon 
irous is peculiarly striking. 

" From the evidence hero brought forward, it is ren- 
dered exceedingly probable that the introduction of a 
heated blast in the manufacture of cast-iron has injured 
the softer irons, whilst it has frequently mollified and 
improved those of a harder nature ; and, considering the 
small deterioration that the irons of quality No. 2 have 
sustained, and the apparent benefit to those of No. 3, 
together with the great saving effected by the heated 
blast, there seems good reason for the process becoming 
as general as it has done." 

The following tabic gives a summary of the relative 
compressive and tensile resistances of various descrip- 
tions of iron, as they have been determined by Professor 
Hodgkinson : — 
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Table XIII. -Taisik and Compressive Strength of various <ks<ripti(ms 



Low Moor Iron, No. 
[oor Iroo, No. 
Iron, No. 1 
Iron, No. a 
Iron, No. 3 



; {f.ijyzr, = 4-w;iu 



iron Iron, No. ) 

% am sample • 
"'- -ivon Iron, No. 

:cond eamplo 
Caliier Iron, No. 1 . 



16,724 = 7-4CC J 



13,735 = 613l'{ 



_ -!.i717 l : 



cite Iron, No. 2 
Mr Monies Sttrling'e 

Iron, denominated 

second quality 
MrMorries Stirling's 

Iron, denominated \ 

third quality 

The following 
rcBults of my owl 
after successive 
No. 3, hot-blast, 



14,511 = 
13,952 = 
13,348 = 



7GJS:; -= 
76,D5fi = 

rii,i.'i-' = 
iw, - 



23,461 = iirm I 



= l 1 ■ 
=_ nviir, I : 
= 34-43Q 1 : 
.-:i:m.Io I : 



(l20^t7e = 57'Wf 1 :.V.1i!(i! 



table gives a general summary of the 
n experiments on the strength of iron 
meltings. The iron used was Eglinton 
and was melted eighteen times, three 
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bars being cast at each melting. These bars, which were 
about 1 inch square and 5 feet long, were placed upon 
supports 4 feet G inches apart, and broken by a transverse 
strain. Cubes, from the same irons, exactly 1 inch square, 
were then crushed between parallel steel bars, by a 
large wrought-iron lever. 

In the following Table XIV., the results on transverse 
strain are reduced to those on bars exactly 1 inch square 
and 4 feet 6 inches botween supports. 



Taulb XIV. — Transverse Strength of Iron after successive Remeliings. 











r 




1 


6-969 


490-0 


1-440 


705-6 






0970 


441-9 


1-446 


630-9 






3 


6-886 


401-6 


1-486 


596-7 






4 


61>38 


413-4 


1-260 


520-8 




41-9 


6 


6842 


431-6 


1-603 


648-6 




6 


6-771 


438-7 


1-320 


579 0 






7 


0*879 


44S-1 


1-440 


6467 






8 


7-0S6 


491-3 


1-753 


861-2 








7-102 
7-108 


646-6 
566-9 


1-620 


885-3 
921-7 






11 


7-1 13 


651-9 


1-036 


1086 5 




64-3 


12 


7-160 




1-660 


1153 0 






13 


7-134 


634-8 


1-640 


1044-9 






14 




603-4 


1-513 


012-9 






15 


7-248 


37 11 


0643 


238-6 






16 


7-330 


351-3 


0-566 


198*5 




82-8 


17 














18 


7-385 


312-7 


0-476 


148-8 







In the above results it will be observed that the 
maximum of strength, elasticity, &c, is only arrived at 
after the metal has undergone twelve successive meltings. 
It ia probable that other metals and their alloys may 
follow the same law, but that is a question that has yet 
to be solved, probably by a series of experiments requiring 
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a considerable amount of time and labour to accomplish, 
but -which I venture to hope I may he able at some future 
time to undertake. 

In the resistance of the different meltings from the 
same iron, to a force tending to crush them, we have the 
following results ; — 
Table XV. — Compressive Strength of Iron after successive Bemeltings. 



Number □( 
meltings. 


Resistance to 


Remark 


1 


44 '0 




2 


436 




3 


41 ■! 




4 


40-7 




5 


41*1 




G 


41-1 




7 


409 




8 


41 '1 




9 
10 


551 
577 




51! 

12 


Mean 69*8 
73-1 


( In this experiment the cube did not bed 


13 


66-0 
95-9 


< properly on the steel plates, otherwise it 
( would hare resisted a much greater force. 




76-7 


16 


70'5 




18 


88'0 





Nearly the whole of the specimens were fractured by 
wedges which split or slid off diagonally at an angle of 
from 52° to 58. 



Power to Besist Torsion. 
The following experiments were made by the American 
Government on the torsional strength of iron cast in vari- 
ous forms. The distance between the keys which secure 
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the ends of the hat when strained was 15 inches. The 
length of that part of the bar subject to torsion was about 
8 diameters. It appeared that the force requisite to give 
the bar a permanent set of J° is about 9-10ths of that 
•which will break it. With wrought-iron they found that 
with forces not producing a permanent set, its capacity 
to resist torsional deflection is equal to that of cast-iron. 
But set commences witli a lees strain in wrought than in 
east iron, and the material yields more readily thereafter. 
The mean value of the strain giving a set of ^° in wrought 
iron is about 6-lOths the mean value of the strain giving 
a like set to east-iron. The resistance of bronze to torsion 
is much less than either, being about one-third that of 
cast-iron. 



Taiilb XVI.— Mean. Ittsulti on Toriion of CasUron. 



Description of MetaL 


I 




Angles of Permanent Set M 


i 














Nos. 1 and. 3,\ 
cast-iron . J 

Nos. 1 and 2, i 
cast-iron . J 

Nos. ], 2, and \ 
3, cast-iron f 


2d 
8d 
2d& 
Bd 
2d 
U 
2d 

■■>..\ 


1 -S76 
1-918 
1-927 
1-898 
1-908 
! <m 


0°-J 
0-0 
O'O 
0.1 
0 0 
0-0 
n .1 


2°-2 
0-8 
0:1 
0-9 
0 0 
0-1 

il-L 


0- 7 

6"-8 

1- 0 
<>-r 


2M 

4"-9 
8-9 
2-S 


1(1 '02320 
10 -5)2730 
21 ■; , 224,' 
Lfi'7 

i-i ■<> l'im; 
;; ■■■- i :,v 


6,176 
8,799 
9,752 
9,847 
10,461 
9,711 


rir 

GfSll 
4723 
7000 

3798 
7i:;n 


■7L'-1 
■788 
■GTS 
001 

■tn:!< 

■TOO 

■7S(i 



MALLEABLE LEON. 

The greatly extended application of wrought-iron 
to every variety of construction renders an investigation 
of its properties peculiarly interesting. It is now em- 
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ployed more extensively than cast-iron ; and, on ac- 
count of its ductility and strength, nearly two-thirds of 
the weight of material may in many cases be saved by its 
employment, while great lightness and durability are 
secured. Its superiority is especially evident in construc- 
tions where great stiffness is not required ; but on the 
other hand any degreo of rigidity may be obtained by the 
employment of a tubular or cellular structure, and this 
may be seen in the construction of wrought- iron tubular 
bridges, beams, and iron ships. Malleable iron, which is 
making such vast changes in the forms of construction, 
cannot but be interesting and important ; and consider- 
ing that the present is far from the limit of its application, 
we shall endeavour to give it that degree of attention 
which the importance of the subject demands. 

From the forge and the rolling-milt we derive two dis- 
tinct qualities of iron, known as "red short" and "cold 
sliort" The former is the most ductile, and is a tough 
fibrous material, which exhibits considerable strength when 
cold; the latter is more brittle, and has a highly crystalline 
fracture, almost like cast-iron ; but the fact is probably 
not generally known, that the brittle works as well, and is 
as ductile under the hammer as the other, when at a high 
temperature. 

Mr Charles Hood, in a paper read some time ago before 
the Institute of Civil Engineers, went into the subject of 
the change in the internal structure of iron independently 
of and subsequently to the processes of its manufacture. 
After adducing several instances of tough fibrous malle- 
able iron becoming crystalline and brittle during their 
employment, he attributes these changes to the influence 



198 



IRON MANUFACTURE. 



of percussion, heat, and magnetism, but questions whether 
cither will produce the effect per sc. Mr Hood continues : 
" The most common exemplification of the effect of heat 
in crystallising fibrous iron is, by breaking a wr ought-iron 
furnace bar, which, whatever quality it was of in the first 
instance, will in a short time invariably be converted into 
crystallised iron, and by heating and rapidly cooling, by 
quenching with water a few times any piece of wrought- 
iron, the same effect may be far more speedily produced. 
In these cases wo have at least two of the above causes 
in operation — heat and magnetism. In every instance of 
heating iron to a very high temperature, it undergoes a 
change in its electric or magnetic condition ; for at very 
high temperatures iron loses its magnetic powers, which 
return as it gradually cools to a lower temperature. In the 
case of quenching the iron with water, we have a still more 
decisive assistance from the electric and magnetic forces ; 
for Sir Humphry Davy long since pointed out that all cases 
of vaporisation produced negative electricity in the bodies 
in contact with the vapour ; a fact which has lately 
excited a good deal of attention in consequence of the 
discovery of large quantities of negative electricity in 
effluent steam." Mr Hood then proceeds to the subject 
of percussion : " In the manufacture of some descriptions 
of hammered iron, tho bar is first rolled into shape, and 
then one-half tho length of the bar is heated in a furnace, 
and immediately taken to the tilt-hammer and hammered, 
and the other end-of the bar is then heated and hammered 
in the samo manner. In order to avoid any unevenness 
in the bar, or any difference in its colour where the two 
distinct operations have terminated, the workman fre- 
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quently gives the bar a few blows with the hammer upon 
that part which he first operated upon. That part of the 
bar immediately becomes crystallised, and so extremely 
brittle that it will break to pieces by merely throwing it 
on the ground, though all the rest of the bar will exhibit 
the best and toughest quality imaginable. This change, 
therefore, has been produced by percussion (as the pri- 
mary agent) when the bar is at a lower temperature than 
the welding heat. Here it must be observed that it is 
riot the excess of hammering which produces the effect, 
but the- absence of a sufficient degree of heat, at the time 
that the hammering takes place ; and the evil may pro- 
bably be all produced by four or five blows of the hammer 
if the bar happens to be of a small size. In this case we 
witness the combined effects of percussion, heat, and 
magnetism. When the bar is hammered at the proper 
temperature, no such crystallisation takes place, because 
the bar is insensible to magnetism ; but as soon as the 
bar becomes of that lower degree of temperature at which 
it can he affected by magnetism, the effect of the blows it 
receives is to produce magnetic induction, and that mag- 
netic induction, and consequent polarity of its particles, 
when assisted by further vibrations from additional per- 
cussion, produces a crystallised texture." 

The crystallisation of perfectly fibrous and ductile 
wrought-iron has long boon a subject of dispute ; and 
lthough we agree with most of Mr Hood's views, we are 
not altogether prepared to admit that the causes assigned 
are the only ones concerned in producing the change, or 
that more than one is necessary. On the occasion of the 
accident on the Versailles Railway some years since, the 
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whole array of science and practice were brought to bear 
upon the elucidation of the cause. Undoubtedly the 
broken axle presented a crystalline fracture, but it has 
never been ascertained how far heat and magnetism were 
in operation, as in the case of an axle, and more especially 
a crank-axle, tho constant vibration caused by irregu- 
larities in tho way and the weight of the engine appears 
to be quito sufficient to occasion the breakage without aid 
from the other forces. Undoubtedly, in almost all cases 
of the sudden fracture of axles or wrought-iron bars, 
during employment, the fracture presents a crystalline 
structure ; but we believo that any molecular disturbance, 
such as impact, can effect this, by breaking the fibre into 
a number of prisms, each of which, carefully examined, 
has the appearance of a crystal, the only question being, 
how long will the material sustain the action before it 
breaks? This question has been attempted to be decided 
by direct experiment under the direction of the Com- 
mission on Railway Structures. It was found that with 
cast-iron bars subjected to long continued impacts, " when 
tho blow was powerful enough to bend the bars through 
one-half of their ultimate deflection (that is to say, the 
deflection which corresponds to their fracture by dead 
pressure), no bar was able to stand 4000 of such blows in 
succession, But all the bars (when sound) resisted the 
effects of 4000 blows, each bending them through one- 
third of their ultimate deflection. These results wore 
confirmed by experiments with a revolving cam which 
deflected the bars. 

" In wrought-iron bars, no very perceptible effect was 
produced by 10,000 successive deflections by means of a 
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revolving cam, eacli deflection being due to half the 
weight which, when applied statically, produced a large 
permanent flexture." These results agree with those ob- 
tained by my own experiments in regard to the effects of 
time on loaded bare of cast-iron already given. 

Arago and Wollaston have paid considerable attention 
to this subject, the latter having been the first to point 
ont that native iron is disposed to break in octohedra and 
tetrahedra, or combinations of these forms. The law 
which leads to fracture in wrought-iron from changes in 
the molecular structure, operates with more or less intensity 
in other bodies ; repeated disturbances, in turn destroying 
the cohesive force of the material by which they are held 
together. A French writer of eminence, Arago, appears to 
consider the crystallisation of wrought-iron to be due to 
the joint action of time and vibration ; but we think, with 
Mr Hood, that time and its duration depends entirely upon 
the intensity of the disturbing forces, and, moreover, that 
the time of fracture is retarded or accelerated in a given 
ratio to the intensity with which these forces are applied. 

From the above statements wo may safely deduce the 
fact, that it is essential to the use of this material to con- 
sider the purposes to which it is applied, the forms in 
which it may be moulded, and the conditions under which 
it may be placed, in order to arrive at just conclusions as 
to the proportions, in order to afford to the structure 
(whatever that may be), ample security in its powers of 
resistance to strain. 

Tensile Strength. 
On the subject of the strength of wrought-iron, there 
are my own researches, contained in a paper entitled, "An 
i2 
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Inquiry into the Strength of Wrought-iron Plates and their 
Riveted Joints, as applied to Shipbuilding and Vessels 
exposed to severe strain."* In that communication it is 
shown, from direct experiments, that in plates of rolled 
iron there is no material difference between those torn 
asunder in the direction of the fibre, and those torn 
asunder across the fibre. This uniformity of resistance 
arises probably from the way in which the plates are 
manufactured, which is generally out of flat bars, cut and 
i piled upon each other, as at A 
'"' 'I ■' ! C^D- 0llc -half transversely, 

■■■■^5 and the other half longitudinally 
Fi e , 62. in the line of the pile. From 

this it will be seen that, in preparing the bloom or shingle 
for the rollers, the fihro is equally divided, and the only 
superiority that can possibly be attained is in the rolling 
which draws the shingle- rather more in the direction of 
the length of the plate than in its breadth. 

In the following table wo have the results of the ex- 
periments : — 

Table XVII. — Tensile Strength of Wrmight-iron Plata. 



Quilt; ofPUta 






Yorkshire plates . . . 
Yorkshire plates . . . 
Derbyshire plates . . 
Slm.jvhi™ plates . . 
Staffordshire plates . . 


22760 
21-680 
22'826 
19-563 


27-490 
26037 
18*650 
22000 
2L'010 




22-519 


23037 



* PMlosopliical Transactions, part ii. 1850, p. 677. " Useful Information 
for Engineers," first series, Anpeudii 1. 



STItENGTIl OF WKOUGHHRON. 203 

Or as 22'5 : 23'0, oqual to about A in favour of those torn 
across the fibre. 

From the above it is satisfactory to know, so far as 
regards uniformity in tho strength of plates, that the 
liability to rupture is as great when drawn in one direc- 
tion as in the other ; and it is not improbable that the 
same properties would be exhibited, and the same resis"- 
tance maintained, if the plates were drawn in any par- 
ticular direction obliquely across the fibrous or laminated 
structure. 

The following table contains a summary of the more 
recent experiments which I have made on the subject of 
the tensile strength of wrouglit-iron : — 



,B XVIII.— Tensile Strength of Wro<t<jht-Tr<M<. 



!» specimens) 

(Two 1-inch plates riveted together) 

ChiiwoLil lur iron 

Be*t-Wst Staff >nl?hi re clifirciial plau: i 

(Moan of 4 experiments) . . .[ 
Best-best Staffordshire plates (Mean j 

of 4 experiments) J 

liesl-lie.-it Staffordshire plate . . . 

Best Staffordshire 

Common SniHordshiro 

Lowmoor rivet iruii (Mean of 2 expert 

Staffordshire rivet, iron 

rit:il!i>t'iUliit'i' rivi't irnn 

Bar of the same rolled cold . . . 



■2H- Kli! 
SO'OM 
22'297 



;ih;.n; 

■M-2V.) 



In the above table, where two ultimate elongations are 
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given, the first is that of the specimens broken with the 
strain in the direction of the fibre ; the latter that of the 
specimens broken across the fibre. The mean ultimate 
elongation of Staffordshire bridge plates, from nine ex- 
periments by Mr Edwin Clarko, was 3 V ; for rivet iron, 
bearing a strain of 24 tons before breaking, J. Here 
in the above table we have for Staffordshire bridge plates 
a mean of 3V and for Yorkshire plates A. In the rivet 
iron there is little or no difference between the Stafford- 
shire and the Yorkshire, both of them bearing 26J tons to 
the square inch, and i of ultimate elongation. 

From a previous inquiry we select the results of a series 
of experiments on the tensile strength of S C bars of 
different lengths, and about 1$ inches in diameter. The 
following tables give the strains required for each of four 
succossivo breakages of the same pieces of iron, Thoso 
experiments are highly interesting, as thoy not only con- 
firm those made upon plates, but thoy indicate a progres- 
sive increase of strength, notwithstanding tho elongation 
and the reduced sectional area of the bars. These facts 
are of considerable value, as they distinctly show that a 
severe tensile strain is not seriously injurious to the bear- 
ing powers of wrought-iron, even when carried to the 
extent of four times repeated, as was dono in these ex- 
periments. In practice, it may not be prudent to test 
bars and chains to their utmost limit of resistance ; it is 
nevertheless satisfactory to know that in cases of emer- 
gency those limits may be approached without incurring 
serious risk of injury to the ultimate strength of the 
material. 
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The following abstract gives the results of tlie experi- 
ments : — 

Length between the Breaking strain In Mean Elongation in 



" As all these experiments were made upon the same 
description of iron, it may be fairly inferred that the 
length of a bar does not in any way affect its strength." 

Reduction, of tkc above Table. 



" Here it appears that the rate of elongation of bars of 
wrought-iron increases with the decrease of their length. 
Thus while a bar of 120 inches had an elongation of 
■216 inch per unit of its length, a bar of ten inches has 
an elongation of 42 inch per unit of its length, or nearly 
double what it is in the former ease. The relation be- 
tween the length of and its maximum elongation per 
unit, may be approximately expressed by the following 
formula, viz., — 

I = -18 + 

where L represents the length of the bar, and I the 
elongation per unit of the length of the bar." 
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The above results arc not without vaiue, aa they ex- 
hibit the ductility of wrought-iron at a low temperature, 
as also tho greatly increased strength it exhibits with a 
reduced sectional area under severe strain. 

The following results were obtained on tho tensile 
strength of wrought-iron produced by the Bessemer pro- 
cess at tho Royal Arsenal, Woolwich, under the super- 
intendence of Colonel Eardley Wilmot: — 



Table XIX.— Tensile Strength of _lfi Ikssaner'a Iron in pounds pir 
Square Inch. 









Warn. 


Vnrloui Mais. 




38,1!)7 
41,684 
43,200 
40,234 
42,908 


( 41,949 lbs. 
f = 18-412 tona. 


76, b 195 
76,508 
65,253 
64,005 
82,110 


| 72,643 lbs. 



Flat Ingot rolled into Boiler Plate. 

Mean. 

= 68,310 lbs. = 30'50 tons. 

From the above will be observed the difference be- 
tween the iron when compressed by the hammer or rolls 
and when taken in a state of ebullition from the convert- 
ing furnace, while, although perfectly malleable, it is 
nevertheless in a crystalline state, tho crystals probably 
requiring to be brought into more immediate contact by 
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impact or compression, as exhibited by the simple process 
of elongation under the mechanical influence of welding 
under the hammer or rolls. These processes, as may be 
seen, add one-half to the strength of tho iron, the differ- 
ence being in the ratio of 18 : 32. 

Mr Clay gives the following interesting experiment on 
the effect of reheating and frequent rolling on the tena- 
city of wrought-iron. Taking a quantity of ordinary 
fibrous puddled iron, and reserving samples marked .No. 1, 
ho piled a portion five feet high, and heated and rolled 
the remainder into two bars, marked No. 2. Again re- 
serving two samples from the centre of these bars, tho 
remainder were piled as before, and so continued until a 
portion of the iron had undergone twelve workings. The 
following table shows the tensile strain which each 
bore : — 

No. I. Puddled bar, 
2. Reheated, 



57,344 „ 
57,344 „ 
54,104 „ 
61,908 „ 
43,904 „ 

It will be seen from this that the quality of the metal 
improved up to tho fifth reheating, and then decreased at 
the same rate. 

The experiments are analogous to my own experiments 
on the process of remelting cast-iron, see page 194. 
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Resistance to Shearing. — With rivets and bolts, which 
fit accurately the holes in which they are placed, the 
resistance to shearing varies exactly as the sectional 
area of the material in the place of the rupture, and 
may he taken as 32,500 lba. per square inch for cast- 
iron, and 50,000 lbs. per square inch for wrought-iron 
(Rankine). 

Wrought-iron plates arc united by riveted joints, in 
which the strength depends upon this form of resistance. 
The various forms of joints are known as lap-joints, in 
which one plate is lapped over the other and the rivets 
passed through each ; butt-joints and single riveted joints, 
in which the edges of the plates arc made to abut against 
each other, and a covering strip, about four inches wide, 
is placed over the joint, and riveted to each of the plates; 
and lastly, chain-riveted joints, employed for the bottom 
of bridges, where it is essential to reduce as little as pos- 
sible the strength of the parts, and therefore a covering 
strip of great length is employed (fig. G3), and the rivets 
are placed behind one another. The strength of the parts 
in riveted joints is reduced, in consequence of the parts 
punched out, in the proportion given in the following sum- 
mary : — 

Assuming for the strength of the plate . . 100 

The strength of tho double riveted joint will be 68 
And tout of tho single riveted joint . 46 

Or for practice, allowing for the larger number of rivets in 
combination,* 

* The general rule for proportioning riveted, joints is, that the shearing 
aruii through the rivets should be equal to tho area resisting tearing in tho 
plate after deducting the rivet holes. 
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The strength of the plate being 100 

That of a double riveted joint will be . . 70 

And that of a single riveted joint . 56 

Or in pounds per square inch, 

The strength of the plate being . . 155,000 

The double riveted joint would, be . . 35,000 

And the single riveted joint . . . 28,000 



The great deficiency in tho strength of joints subjected 
to a tensile strain caused considerable- difficulty in 
designing tho Britannia and Conway Bridges ; double, 
treble, and quadruple riveting was thought of, but one 
after another was abandoned, on account of the rivet-holes 
weakening the plates ; and I should almost have despaired 
of attaining the object in view, but for the system of 
longitudinal or chain riveting having occurred to mo, 
after repeated trials of other modc9 and forms. Experi- 
ment, however, established the perfect security of this 
method, which is shown in fig. 63, where two lines of 
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plate are supposed to be employed breaking joint, the 
joint in the upper one being covered by a strip 2 feet 
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8 inches long, secured by thirty-two rivets placed in 
rows. 

The following is the result of an experiment on a joint 
of this form : — * 

Area of section through plates 2 X '875 = 175 square inch. 

Area of section through rivet-holes 1-5 „ „ 

Rivets J iuch diameter. 

Broke with 60,664 lbs, 

Equivalent to 17 /7 tons per squaw inch. 

Another experiment was made with a plate with two 
covering strips over the joint, fig. 64. 



Pig. 64/ 

Area of section through solid plate, 3 5 x 25 = -875 square inch. 
Area of section through rivet-holes, 3'0 x *25 = 750 „ „ 
Diameter of rivets, j inch. 
Broke with 41,002 lbs. 

Equivalent to 20 92 tons per square inch, about the ultimate 
strength of the plate iteelf. 

The defects of the riveted joint are so evident, that 
various attempts have been made to reduce their evils. 
At the commencement of the trade in iron shipbuilding 
I patented an arrangement for rolling plates with thick 
edges, and employed plates bo prepared to some extent ; 
but the cost of their production at that time, and some 
difficulties in their employment, prevented their general 
use, Mr Bertram has much more recently attempted to 
unite plates by welding, and with some success. The 
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joints so made are far stronger than the ordinary riveted 
joint, but their cost at present prevents their intro- 
duction. Mr Bertram scarfs the edges of the plates, 
places them together, and heats them by two pure 
gas flames ejected from nozzles, and produced by the 
ignition of coke or charcoal in a closed chamber by a 
regulated blast. Fig. 65 shows the way in which this 
is effected. 




Resistance to Buckling or Bending from a Compressive 
Force. 



Professor E. Hodgkinson has experimented upon this 
subject, and his results show that the resistance of plates 
of the same breadth and length varies as the cube of the 
thickness, or more nearly as the 2-878 power of it. Thus 
a plate double the thickness of another will resist flexure 
with seven or eight times the force applied in the direc- 
tion of its length. 
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Table XX.— Mesista nee of Plates o, 
pressioti, IfejiWfi (hi'iii; t'ji » arti 
parallel and horizontal crushing si 



a force of Corn,- 
U bedded against 



3 (» x 
3-083 x 
3-IH15 x 
2083 x 



46,1150 
7,703 
46,050 
12,735 
01,7-16 
3,614 
29,010 



2- C22 

3- 073 
2898 
3-004 
8-736 



Mean, 



From this it would also appear, by a reduction of the 
results, that square bars of wrouglit-iron, long enough to 
be bent without being crushed, vary in strength as the 
3 - 59th power of their lateral dimensions, or as d 3 ' 59 , 
where d = the side of the square, the length being 
constant. 

On the transverse strength of wrouglit-iron it will not 
be necessary to enlarge, as we have numerous examples 
before us in the experiments undertaken to determine 
the strength and form of the Britannia and Conway 
Tubular Bridges.* In these experiments will be found 
an entirely new description of form and construction, 
which have emanated from them, and which havo led to 
a new era in the history of bridges, and the application 
a the Conway and Britannia Tuliulur 
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of wrought-iron to other purposes besides those in connec- 
tion with buildings, and its greatly extended application 
to the useful arts. For further information on this sub- 
ject, I refer the reader to my own* and Professor Hodg- 
kinsou's works, in both of which will be found data suffi- 
cient to establish the great superiority of malleable over 
cast iron, or any other material, either as regards strength, 
or economy in its application. 

On the resistance of wrought-iron plates to a force 
tending to burst them, Eondclet has shown that it requires 
a force of 70,000 lbs. per square inch to produce fracture, 
and my experiments proved that a wrought-iron plate of 
one quarter of an inch thick resisted a pressure from a 
ball 3 inches in diameter equal to that required to rupture 
a 3-inch oak plank. 



The properties of steel have been much less perfectly 
investigated than those of wrought-iron. The following 
table shows its tensile strength : — 

Iba per hi. inch. 



The following tahle gives the results of some experi- 
ments uuder the direction of Colonel Wihnot at Wool- 
wich on Mr Bessemer's steel : — 

* " On the Application of Cast and Wrought Iron to Building Purposes," 
and " Useful Information for Engineore." 



STEEL. 



Uchntius' cast-steel, 
Ordinary caflt-eteel, . 
Krupp's steel gun, . 
Mersey piiddk-d ^■■i.-l, 
Sheffield east-steel, . 



90,000 
128,000 
129,000 



94,732 (Mallet,) 
130,000 (Eennie.) 



Digitized by Google 



214 IKON MANUFACTURE. 



Table XXI.— Tensile Strength of Mr Bessemer'* Steel. 















48,892 lbs. 

42,780 

57,296 

79,233 

72,503 

77,808 

61,667 

64,(115 


J 45,830 lbs. 
I 88,259 

! 68,998 


162,974 lba, 

146,676 

158,899 

156,863 

130,490 

145,512 

102,970 


J 154,825 lba 
1 157,881 

1 148,324 



These results give a mean of 27'246 tons for the un- 
hammered, and 68'607 for the hammered or rolled steel, 
per square inch of section. Hence tho same anomalous 
condition exists in the steel as was noticed in the Bes- 
semer iron, where the effects of the hammer or rolls pro- 
duced nearly double the strength. In the steel we have 
in the first experiment more than three times the strength, 
and in the mean of tho wholo as 61 ; 154— more than double. 
This evidently shows how very important it is to have the 
material, whether of iron or steel, elongated and solidified 
under the hammer, or between tho rolls, before it is used. 

In the following table are collected the results obtained 
by myself on various descriptions of puddled steel and the 
so-called homogeneous metal : — 



Table XXII.— Experiments on the Tensile Strength of Sted. 









Homogeneous rolled stficl (sp. gr. 7'8379) 


41-510 










„ „ „ (80ft) . . . 
Steel bar, puddled .... 


38-129 


A 


40196 




Steel plates, puddled, from Chesterfield 

(sp. gr. 7-8328) 

Mr Mushet's gun-metal 


} 41-800 


i 


40-170 
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The above are very fair specimens of tlie manufacture 
by different makers, and give a pretty uniform result. 
They are however greatly inferior, as regards strength, 
to the results obtained from the Bessemer steel by Colonel 
Wilmot, which gave upwards of 68 tons per square inch. 



CHAPTER XI. 



THE CHEMICAL COMPOSITION OF IRON AND STEEL. 

Cast-ihon is a carburet of the metal, of varying consti- 
tution, containing from 5 to 5'6 per cent, of carbon. Its 
fluidity and tenacity are considerably influenced by this 
circumstance, and the more so as the carbon exists in 
cast-iron in two conditions — viz., combined with the iron, 
or merely mechanically mixed with its crystals. Re- 
melting the iron in the cupola, which, it has been seen, 
increases its tenacity, reduces the quantity of graphite 
or mechanically mixed carbon, and increases tho pro- 
portion of combined carbon. In ■white cast-iron, the 
whole of the carbon is combined. 

The following results were obtained by Sir Abel, of 
the Royal Arsenal, and communicated to the Chemical 
Society:— 

Composition of Pig Iron, tmdted v»(h Charcoal. 























Specific gravity 


7-120 


7-640 


7-690 


7'150 


7-540 


7-675 




05-20 


95-35 


95-25 




96-36 


96-55 


Combined carbon . 




172 


200 


■04 


1-14 


2-79 


Gmpliite . 


311 


1-38 




307 


1-60 




Silicinm . 


I'll 


•26 


"21 


1-80 


■79 




Hnliilmr . 
Phosphonia . 


■01 


■03 


■02 




■01 


06 


i ' 13 


Kin 


1-53 


'■si 


•20 


■17 


Manganese 


■25 












Copper . 
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At the request of the British Association, Dr Thomson 
of Glasgow examined the chemical constitution of hot- 
hlast iron, and he gives the following as the result of his 
inquiry : — 

" (1.) The specific gravity of hot-blast iron is greater 
than that of cold-blast. 

" The following are the specific gravities of eight speci- 
mens of cold-blast iron : — 



1st, Mnirkirk . . 6'410 

2d, Ditto . . 6-435 

3d, Ditto . . . 6-493 

4th, Ditto . . 6 579 



I 6th, Muirkirk . . G7754 

6th, From Pyrites . 6-944 

7th, From Carron . . 6-Q888 

I 8th, Cljde Iron-Works. 7-0028 



" The specific gravity of the Muirkirk iron is con- 
siderably less than of that smelted at Carron and the 
Clyde Iron-Works ; the mean of the eight specimens is 
6-7034. 

" It has been hitherto supposed that the difference 
between cast-iron and malleable iron consists in the pre- 
sence of carbon in the former, and its absence from the 
latter ; in other words, that cast-iron is a carburet of iron. 
But in all the specimens of cast-iron which we analysed, 
we constantly found several other ingredients besides iron 
and carbon. Manganese is pretty generally present in 
minute quantity, though in one specimen it amounted to 
no less a quantity than 7 per cent. ; its average amount is 
2 per cent. Silicon is never wanting, though its amount 
is exceedingly variable ; the average quantity is about 
H per cent. ; some specimens contained per cent, of it, 
while others contain less than a half per cent. Aluminum 
is very rarely altogether absent, though its amount is 
more variable than that of silicon. Its average amount 
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is 2 per cent.; sometimes it exceeds 4£ per cent., and 
sometimes it is not quite l-5000th part of the weight of 
the iron. 

" Calcium and magnesium are sometimes present, but 
very rarely, and the quantity does not much exceed l-5th 
per cent. In a specimen of cast-iron which I got from 
Mr Neilson, and which he had smelted from pyrites, there 
was a trace of copper, showing that the pyrites employed 
was not quite free from copper ; and in a specimen from 
the Clyde Iron-Works there was a, trace of sulphur. Tho 
following table exhibits the composition of six different 
specimens of cast-iron No. 1, analysed in my laboratory, 
either by myself or by Mr John Tennent : — 

















Mr mi. 




90-93 


9029 


91-38 




94 010 


00-824 


91-164 


















Manganese 




714 


S«0 




0*626 


£-408 


2037 


Sulphur . 












0045 




Carbon. . 


7-40 


1-708 


-1-88 


J-fid.l 






3-866 


Silica . 


0'46 


0-830 


1-10 


2-230 


1-006 


0-460 


1-177 


Aluminum 


0-48 


0-018 




3776 


1-032 


4602 


1-651 


Calcium . 




0-018 


6-io 










Magnesium . 












o : i'io 





" The constant constituents of cold-blast cast-iron 
No. 1, are iron, manganese, carbon, silicon, and alu- 
minum. The occasional constituents are copper, buI- 
phur, calcium, and magnesium. These occur so rarely, 
and in such minute quantity, that we may overlook 
them altogether. 

" The constant constituents occur in the following 
mean atomic proportions : — 
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22 atoms iron ... =77 00 

£ atom manganese . . . =175 

4*3G atoms carbon = 3'27 

1 atom silicon . . . — l'OO 

1$ aluminum . 1-40— 84"42 



" (2.) I examined only one specimen of cast-iron No. 2. 
It was an old specimen, said to have come from Sweden ; 
but I have no evidence of the correctness of this state- 
ment- Its specific gravity was 7-1633 higher than any 
specimens of cold-blast iron No. 1. Its constituents were, 

93-694 
0708 
3-080 

i'2ca 

0732 

0*038— 99'414 

" The presence of sulphur in this specimen leads to the 
suspicion that it is not a Swedish specimen ; for, as the 
Swedish ore is magnetic iron, and the fuel charcoal, the 
presence of sulphur in the iron is very unlikely.* 

" In this specimen, the atoms of iron and manganese 
are to those of carbon, silicon, and aluminum, iu the 
proportion of 4J to 1, instead of 3J to 1, as in cast-iron 
No. 1. 

" The atoms of carbon, silicon, and aluminum, approach 
the proportions of 7, 2, and 1, so that in cast-iron No. 2, 
judging from one specimen, there is a gTeater proportion 
of carbon, compared with the silicon and duminum, than 
in cast-iron No. 1. 

" Mr Tennent analysed a specimen of hot-blast iron 

• I have teen (old by Mr Musliot that the Swedes add sulphur to the 
iron No. 2. 



Manganese 

Silicon . 

Aluminum 

Sulphur 
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No. 2, from Gartsherrie. Its specific gravity was 6-9156, 
and its constituents, 

Iron .... 90-542 

Manganese . 2-764 

Carbon .... 3-OB4 

Silicon .... 0-680 

Aluminum . . 2 894 

Sulphur .... 0*023 

99-987 

So that it resembles cast-iron No. I in the proportion of 
its constituents. The carbon is almost the samo as in 
cold-blast iron No. 2 ; but the proportion of aluminum 
is four times as great, while the silicon is little more 
than half as much. The atomic ratios are, Carbon, 4; 
silicon, 0-67 ; aluminum, 2 28. 

" (3.) Five specimens of hot-blast cast-iron No. 1 were 
analysed. Two of these were from Carrou, and three 
from the Clyde Iron-Works, where the hot-blast originally 
began, and whore, of course, it has been longest in 
use. The specific gravity of these specimens was found 
to be as follows : — 



1st, From Clyde Works .... 7-0028 

2d, From Carrou 7"0721 

3d, FromCarron 7-0721 

4th, From Clyde Works .... 7-1022 

Mean, . . 7-0623 



" It appears from this, that the hot-blast increases the 
specific gravity of cast-iron by about l-22d part. It ap- 
proaches nearer tho specific gravity of cast-iron No. 2, 
smelted by cold air, than to that of No. 1. 
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" The following table exhibits the constituents of these 
four specimens : — 



!>.)'■ I -2 

0- 336 

8-400 

1- 820 

0-468 



" The mean of these analyses gives us, 



Carbon 
Silicon 
Aluminum 



95-684 01 
0-871 
2099 



0 337 ) 



101-285 

Or in the proportion of atoms of iron and manganese 
to 1 atom of carbon, silicon, and aluminum. In the cold- 
blast cast-iron we have, 



In No. 1 . 
In No. 2 . 
In hot-blaat 



1 



" Thus it appears, that when iron iH smelted by the 
hot-blast its specific gravity is increased, and it contains 
a greater proportion of iron, and a smaller proportion of 
carbon, silicon, and aluminum, than when smelted by the 
cold-blast." 

As opening up a now field of observation in connection 
with the strength of cast-iron, we shall quote some of the 
general results from a very extensive series of analyses, 
made by order of the United States Government. These 
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analyses appear to have been made with extreme care, 
and the results, so far as they go, are satisfactory, and 
point to an explanation of some at least of the variations 
in the resisting powers of this material. We may premise 
that the guns of the United States Ordnanco department 
are divided into three classes, according to the tests they . 
have stood and tho strength of the metal. A large num- 
ber of specimens having been taken from guns of each 
class, were submitted to analysis by Mr Campbell M6rfit 
and Mr J. C. Booth, and gave the following remarkably 
consistent average results : — 



First -class gun3, 
Second-class guns, 
Third-class puis, 



The different effects produced by the hot and cold blast 
are clearly exhibited in tho following table, both in refer- 
ence to chemical composition and to specific gravity and 
tensile strength : — 





ii 


si 
ii 


ll 


ll 


ii 


| 

1 


1, 

ill 

z.Vi 


S| 
= A 
II 




|| - 

III 


Hot, 

Cold, 


7-liiii 
7-218 




■rnfi! 
■0401 


-0201 


■0076 
•0208 


■015: 
■0060 


-<;:';;--> 
■OliCT 


-i. 

■0176 


■IK) 4 Hi 
■00124 


■0341 
■0221 



It will be observed that while there is a very great dis- 
proportion in the quantities of each single ingredient in 
the hot and cold blast metal, yet there is nearly the same 
amount of several combined, such as the slag and allo- 
typic of carbon, tho amount of silicium and combined 
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carbon, or silicium and total carbon. These numbers are 
significant ; for although, there is not a great disparity 
between the amounts of total carbon produced by hot and 
cold blast, yet the hot-blast has evidently driven off a 
portion of carbon from combination, so that the cold-blast 
.contains two and three-fourth times as much combined 
carbon. The hot-blast metal, however, meets with some 
compensation for this loss of carbon by reducing by its 
intense heat a larger amount of silica, and assuming 
silicium. 

The wide difference in the amounts of slag in the two 
metals is also remarkable. 

The slag and allotropic (graphitic) carbon being of a 
brittle nature, and not united with the iron, coat the 
crystalline plates of the metal, and diminish their surface 
of contact ; and consequently it follows that the tensile 
strength of the metal must decrease partly in proportion 
to the increase of slag and allotropic carbon. 



CHAPTER XII. 



THE STATISTICS OF THE IRON TRADE. 

This work has already extended so much beyond the 
limits of our inquiry, that we must confine ourselves to an 
exceedingly brief notice of the statistics of this important 
manufacture. In 1740 the iron trade suffered a sudden 
check from a falling off in the supply of charcoal, coal or 
coke not having been employed at that time for smelting. 
The annual production seems to have decreased from 
180,000 to about 17,350 tons per annum. This com- 
paratively small quantity was smelted in the following 
counties, viz. : — 











t Torn. 




2 600 


Nottingham 




200 


Glamorgan 


2 400 




6 


2000 


Carmarthen 


1 100 


Stafford . 


2 


1000 


Cheshire . 


3 1700 


Worcester 


2 


700 


Denbigh . 


2 550 


Sussex 


10 


1400 


Gloucester 


6 2850 


Warwick . 


2 


700 


Hereford 


3 1350 


York 


6 


1400 


Hampshire 


1 200 




4 


800 


Kent 


4 400 








Monmonth 


2 00O 




09 


17,360 


Annual a 


verage for each funi 




204' " 


"l 



Weekly „ „ . . 5 13 0 

Soon afterwards the difficulties in the way of using coal 
were overcome, and the manufacture extended rapidly. 
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The number of charcoal furnaces decreased, but the 
quantity produced by each was considerably increased. 
The following table shows the state of the trade in 1788 :— 



Gloucester. 
Monmouth 
Glamorgan 
Carmarthen 
Merioneth . 



Cumberland 
Lancashire . 
Sussex . , 
Stafford 



Stafford(abouttoblow) 



Annual average from each funuico . 545 1C 3 907 0 0 
Weekly „ „ 10 9 3 17 0 0 

In the same year were erected and blowing in Scotland 
the following furnaces : — 
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Total quantity of iro 



14,500 
53,800 



Increased produce of pig iron . . 50,050 
About the year 1796 it was contemplated by Mr Pitt 
to add to the revenue by a tax on coal. This met with a 
powerful opposition on the part of the manufacturers and 
consumers, especially those in the iron trade. A com- 
mittee was appointed, witnesses were examined, and the 
measure abandoned as unwise and impracticable. The 
following table exhibits an abstract of the facts collected, 
and shows the rapid progress of the iron trade in the 
eight preceding years : — 













Cheater 

Cumberland 

Derby 

Gloucester 

Hereford . 

York 

Shropshire 
Wales 
Stafford . 






2 
4 
3 
2 
5 
22 
23 
28 
14 
I 


4,710 
6,144 
2,138 
380 
2,850 
21,1)84 

45,034 
15,821) 
172f 


2,200 
3,000 
2,138 
380 
2,850 
ai.!»H7 
43,360 
■1-2,W<> 
] 5,2f>6 
173 


1,058J 
2,034 
2,107 
380 
2,520 
17,047 

:i->.w>\> 
;ir..;^r> 
j;j,9inv 
173 




104 


n;7;wij 


133,050 


108,703 



The return from Scotland exhibited a list of 17 furnaces, \ 
and an exact return of pig iron, manufactured, of J 18)088 

Making an annual total of 124,879 

Annual average produce from each furnace, including") 

cliarcoal furnaces j 

Increase of annual average since 1788 .... 232 
The following table shows the comparative make of pig 
iron in 1820 and 1827 
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North Wales 1 
South Wales f 
Shropshire 1 





Furnaces. 


150,000 


{It 


180,000 


(31 
195 




(24 


60,000 


I 14 


20,000 


18 


400,000 


28T 



24,000 
272,000 
78,000 
216,000 
43,000 
20,500 
36,000 



From that time to tho present the manufacture has 
steadily increased. The following tables give the state of 
the trade in 1854-57 ; the particulars are extracted from 
the Mining Records, published under the direction of Mr 
B. Hunt, in connection with the Museum of Practical 
Geology, London. The importance which Scotland has 
assumed in reference to the iron manufacture is especially 
worthy of notice- 



Counties. 




! ."i.-iii.' t 






EHOLAND :— 
Northumberland, Durham, and 1 
Yorkshire . . . .) 


37 


106 


80 


343,444 


Derbyshire .... 
Lancashire and Cumberland 
Staffordshire .... 
Slirqi-liive .... 
Gloucestershire .... 


13 
S 
72 
13 
4 


33 
5 
203 

34 
7 


25 

166 
28 


127,500 

■JI.I.OW) 

247,600 
124,800 
21,990 


Flintshire, Dcrilii.yli-liiiv 
Ci]aKi<ii' r ;.iii^lihv, A;iil)rarRe district 
Glamorganshire and Monmouth- 1 
shire— Bituminous district ; 


7 
14 
34 


11 

39 
134 


9 

") 

100 j 


32,900 
750,000 


Scotland: — 

Lanarkshire .... 
Other Counties .... 


0 
13 
10 


41 

as 

27 


30 
78 
16 


249,600 
408,000 
79,040 




22S 


724 


5D3 


3,069,874 
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Total Produce of Pig-Iron in Gnat Britain in 1857. 



England — Totul 

Northumberland 03,250 

Durham 284,500 

Yorkshire 200,838 

Ijincashire 1,233 

Cumberland 30,616 

Derbyshire 112,160 

Shropshire 117,141 

North Staffordshire 134,057 

South Staffordshire and Worcestershire . 057,295 

Northamptonshire 11,600 

Gloucestershire 23,882 

Somersetshire 300 

Wales, North 37,049 

„ South, Anthracite Districts . . 63,440 

„ South, Bituminous Districts . . 907,287 

Scotland 918,000 

Ireland 1,000 



. Total Produce in Great Britain and Ireland, 3,659,447 
The quantity of iron oro raised in all parts of the United 
Kingdom in 1857, and used in the production of pig-iron, 
was found from the Bame returns to be 9,573,281 toDs. 
For smelting which there were in active operation in 



England . . 333 blast-roniaces. 

Wales ... 170 „ 

Scotland ... 124 „ 

Ireland ... 1 



628 

The mean average price of the pig-iron " mixed num- 
bers," deduced from all the sales of the year, was 
L.3, 10a. 2d., which gives the market value of the pig- 
iron made as L.12, 838,560 per annum. If we assume 
that the make of iron has increased in the same rate 
since 1857, it must now amount to 4,250,000 tons. 
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In connection with the above, we insert the following 
table from Mr Konyon Blackwell's paper on the Iron In- 
dustry of Great Britain, read before the Society of Arts. 
It gives the estimated production of crude iron in the 
various countries. 

Russia . . . 200,000 
Sweden . . . 1DO,000 
Various German States 100,000 
Other Countries . 300,000 



Great Britain 
United States 



3,000,000 
750,000 
750,000 
300,000 
250,000 
200,000 



6,000,000 

The following table gives the annual production of 
steel in various countries : — 

23,000 tons. 
7,000 „ 
10,000 „ 



England— Cast steel 
Bar steel 
Spring steel . 



Prussia 
Austria 
United States 



In referring to the above, 



40,000 
15,000 
5,453 
13,037 



10,000 „ 
it will be seen that Great 
Britain produces as much crude iron as all other countries 
put together ; and a great portion of that iron being con- 
verted into bars and plates, indicates a large and impor- 
tant article of production, — an article of immense value 
to the country — of great demand at home and abroad — 
and justly entitled not only to improvements and economy 
in its manufacture, but to the generous support of a liberal 
and an enlightened Government. 
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ARMOUR-PLATED SHIPS. 

In the foregoing Treatise I have endeavoured to lay before 
the reader, in as practical a manner as possible, the present 
state of our iron manufacture ; but this would now be im- 
perfect if we did not notice some great changes in prospect 
in its application. We have already recorded the many 
uses to which iron is applied, and the many improvements 
which have been effected to meet the requirements of 
construction. Of late years these requirements have in- 
creased in a high ratio, and there is scarcely any of the 
industrial arts to which it is not necessary. To the ad- 
vancement of the arts it has probably contributed more 
than all the rest of the mineral kingdom — coal only ex- 
cepted — put together. Its ductility, tenacity, and plastic 
character render it convertible into every form ; and its 
powers of resistance to strain are bo great as to supersede 
in construction every other description of material. This 
being the case, it is not surprising that iron should be 
found a perfect and durable material for shipbuilding. I 
was amongst the first to make this discovery ; and since 
1830 the extension of the use of iron in this branch of 
industry has been steady and progressive. 

Attempts were made at an early period by the Govern- 
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mont to introduce iron in ships of war ; but, owing to the 
imperfect state of our knowledge, and the prejudices of 
old admirals and officials, the material was condemned, 
and the wooden walls remained triumphant against all 
innovation. This was excusable to a great extent, as 
experiments which were at that time instituted for the 
purpose of ascertaining the resistance of iron platC3 to 
projectiles were highly discouraging, and the service gene- 
rally was only too glad to avail itself of these failures in 
preventing the use of iron. In this state tho question 
remained for the last twenty years ; and but for the supe- 
rior sagacity of the Emperor of tho French, we might 
have continued to build with an inferior material for a 
much greater length of time. 

The construction of the " Gloiro" with armour-plates 
has, however, settled the question of wood versus iron ; 
and there no longer exists a doubt as to the superior 
advantages and impregnable character of the iron ship. 
The " Warrior," " Black Prince," and other vessels of a 
similar description, are striking examples of tho supe- 
riority of the iron-cased ship ; and although far from per- 
fect, they are nevertheless of a class that must eventually 
supersede onr wooden navy. 

In my opinion, the whole navy of Great Britain must 
be remodelled and rebuilt of iron ; and no administra- 
tion in this country should venture to place another 
wooden vessel on the stocks. I further believe that it is 
not only necessary to provide an iron armour, but that 
the whole structure should be composed of iron, and 
sheathed with thick plated fenders from the upper deck 
down to a depth sufficient to protect the ship below the 
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water-line. This, with an iron, bomb-proof upper deck, 
will render the ship invulnerable to the heaviest shot, and 
secure in every circumstance in which she can be assailed 
either by sea or from the land. 

Having stated this much, I would direct attention to a 
new and important branch of manufacture, which in all 
probability will shortly come into existence, and that is 
the production of wrought iron in very largo masses. It 
is not yet determined in what form these uses will bo~re- 
quired, but I have considered it my duty in this place to 
direct attention to the subject, in order that the iron- 
masters of this country may be prepared to meet a large 
demand at a comparatively cheap rate. 

It is known that a Committee on this subject is now 
sitting, and it may be expected that a series of facts de- 
rived from actual experiment will satisfactorily determine 
the form and conditions under which these plates must 
be applied. It would he premature to offer any opinion 
on this difficult question, or to attempt to anticipate the 
collective wisdom of the Committee. Suffice it to observe, 
that the members are men of experience, who will take a 
sound practical view of the subject, and recommend no 
change hut what is conducive to the security and best 
interests of the country. 
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Ruflnod steel, TL 
Refinery for iron, 88, 83. 
Regeneration fltovos, G5. 
He-molting, effect on iron, of, 123. 
Riveted joints, strength of, 208. 
inm. 

continuous platea, 148. 

Hushton and Eckersley, Iron-works 

of Messrs, SSL 
Ryder's forging machine, 12L 

Semi-steel, 14L 
Shearing, 113, 

reBistanco to, 2QS. 

Shingling, 102, 105. 
SileBinn gas-furnaces, 0L 
Silicium in iron, 1S8, 215. 
Slag, indications of, 62. 

composition of, 53. 

in cast-iron, 222. 

Smelting, history of, G. 

by cold-blast, d£, 

by hot-blast, 56, 112. 

chemical actions of, 5L. 

Statistics of iron-trade, 224. 
Steam in puddling, 85. 
Steam-hammer, 13, 12L 
Steam-engine, 1037 



Steel, Bosscmor's process of manu- 
facture, 143, 1 fifl- 

by cementation, 1IL 

blister, 113. 

cast, 114. 

shoar, 174. 

Chenot's process, 176. 

Uchatius'B process, US, 

refining process, 17B. 

puddling process, 178. 

Mr Mushot's process, 1SI. 

tenacity of, 213. 

quantity made, 229. 

Sulphur in iron, 86, 143, 216, 

Tax on coal, 226. 
Tenacity of cast-iron, &c., 162, 
Thoraoycroft's shearing machine, 
11S. 

Tin, crystallization of, 1BL 
Torsion, resistance to, 185. 
Trnran on hot blast, 13. 
Turkish iron ores, 2S. 

UcbatiuB'e process of making steel, 



V-anvil, 125. 

Vibration, influence on iron, 1Q7 

Waste gases, utilization of, 13, B2. 

composition of, TL 

Welding process, Bertram's, 210. 
Wraught-iron, see Iron, wrought. 
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Now complete, in 21 Volumes 4to, Cloth, price 24 Guineas; or handsomely 
Half-bound in Russia Leather, price 80 Guineas, 

THE EIGHTH EDITION OF THE 

ENCYCLOPEDIA BMANUA, 

A DICTIONARY OF ARTS, SCIENCES, AND GENERAL LITERATURE. 

With upicarcU of Five Tkousand Hint/rations on Wood and Steel. 

A Completo INDEX is in preparation, and will bo published separately, 
prico 8a. 



(From the Timet of February 1, 1881.) 

the weight of its imposing array of names, which claims to comprise, 
apparently with good reason, ' the greater number of the individuals most 
celebrated in scientific, literary, and political history, who have adorned 
the annals of this country for a long serieB of years.' Tho Tory pick and 
cream of this catalogue occuviii'j n v.:ral win,':/. Nor have the contribution!) 
of most of them beou limited to subjects which other men might have 
treated bs woll, but for tho most part wo obtain some of the choicest work 
of each upon the suhjects on which they were the principal authorities. 
Where Archliisln.p Whately takes tho rise, progress, and corruptions of 
Christianity ; Bunson tho subject of Luther and the German Reformation ; 
il'Culloch, money, political economy, and the cognate subjects; Macaulay 
nd Do Quinccy. tlii-ir siilnckd bkiiTaphics ; Donaldson, philology; Owen, 
paltcontology ; lUrschel. tin': t scope ; Robert Stevenson, iron bridges; 
Bezley, cotton ; Fnirbairn, iron manufacture ; and other mon, for tho most 
part the work to which they were most competent, tho leader may grasp 
a notion of the grand work of reference which is now placed before him. 
Of course, a detailed criticism of its contents would require an army of 
critics to produce a review itself of a length quite incalculable, and criti- 
cism must be abandoned because it is practically an impassibility. It 
should bo added, however, that tho work is profusely illustrated, especially 
with woodcuts ; and, best of all, that it is furnished with tho now feature 
of a general index, which completes its value as a work of reference. In 
a book framed upon this plan by such a multitude of eminent men, and 
with such obviously useful accessories, it may t lion: fori; !><; fairly conceived 
that the world has now such an Encyclopaedia as it never had before." 
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THE WAVERLEY NOVELS. 



1— £2, 2s. The People's Edition. 

In 5 large volumes, royal 8vo. Tho chcapoat edition published, and 
well suited for a library whore spaeo ia a deaidoratuni. 

2. ^-£2, 105. The Cabinet Edition. 

In 25 volumes, 12mo, with Frontispiece and Vignette. Each 
volume containa an entiro Novel. 

3. — £6, 10s. The Edition of 1847. 

In 48 volumes, I2mo, witli Frontispiece, Vignotto, and printed in 
very legible type. Each Novel fi divided into two volumoB. 

4. — £10, 105. The New Illustrated Edition. 

In 48 volumes, fcap. 8vo, with upwards of 1500 Woodcuts and 96 
Steel Plates, and printed from a new and beautiful type. This is a 
combination of tho Jlbbotsford and Author'a favourite editions. 

5. — £13, 25. 6rf. The Library Edition. 

In 26 volumes, demy 8vo, illustrated with 204 fins Steel Engravings, 
by the greatest artists of their time, and printed iu a large readable 
type. Thia Edition cost £16,000 in its production. 
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BLACK'S 

GENERAL 1TLA8 OF THE WORLD, 

Strongly and Elegantly Half-bound Morocco, Gilt leaves, and accompanied 
by an Index of 05,0(10 Hamas, Price 60a. 



The Publishers beg to draw the attention of the Public to the LAST 

EDITION of this Atlas, which has undergone great alterations and 

improvements, and been increased by Laeob and Important Additions, 

rendering it a most 

VALUABLE WORE OF GEOGRAPHICAL REFERENCE, 
The Maps aro arranged in the following order, and arc elegantly 

coloured, with especial view to distinctness : — 

THE WORLD, in Homispherea and on Mercator'e Projoction. 
Three Maps of Physical Geograpby. 
Two Maps of tho Stars, &c. 

EUROPE, followed by Maps of England, Scotland, Ireland, France, Switzer- 
land, Holland and Belgium, Railway Map of Central Europe, Germany, 
Austria, Prussia, D.-nmark'. S'.vcd.-n ami Nunvisy (will) Baltic Sea), 
Ruaaia, Spain and Portugal, Italy, Turkey, Greece and Ionian Ialands. 

ASIA, Turkey in Asia, I'akistino, Persia, India, China, Indian Archipelago, 
and Further India (including Burmah, Siam, &c.) 

AFRICA, Egypt, South Africa, to., with all tho Latest Discovories. 

NORTH AMERICA, Britiali Columbia, British America and Arctic Regions, 
Canada, Khw ]?riiTis-,vii-lt ami Nova Scotia, United Statea of America, 
Mexico, Central America, West India Islands. 

SOUTH AMERICA, Venezuela, New Granada, Ecuador and Peru, Chili, 
Argentine Republic and Bolivia, Brazil, Uruguay, Paraguay, and 

AUSTRALIA, New Zealand, Tasmania, and Western Australia. 
POLYNESIA and PACIFIC OCEAN. 

The World, as known to tho Ancients. 

'Hie l'rim.'ij a] of Anoint World, with tho Koxan 

and Persian Empires. 
Accompanied by an IN DUX of 05,000 NAMES, forming a ready and moBt 
uaeful Key to the Places named on the Maps. 



The Publication of tfaii Atlas Is continued on tho plan of frequent new and 



" TMt Work ii one of the most complete of modem Publications in this depart- 
ment."— The Times. 

" Thia is au exceedingly valuable Atloa. Wo have tested it in two or 
throe instances with the names of places of no considerable mark, and found 
it faithful."— Economist, 
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Juat publishod, in royal 8vo, prico 28a. cloth, 
Dedicated by ptrmiuian to tlu Attorney-General (Sir R. Btthell), 

A COMPENDIUM 
ENGLISH AND SCOTCH LAW, 

STATING THEIR DIFFERENCES : 
WITH A DICTIONAHT OF PARALLEL TEEMS AND PHRASES, 



lit JAMES F ATE R SON, Esq., M.A., 




differences pcrvado ncnrly every branch of tho law ; and not only do tlio 
laws of England ana !>.■.>[ land ,iiiV. r \n -ubsiunce, but tho law language 
used in one country is «-;,iv.!v iiiMl^ih],- in llm oilier. So serious is the 
difficulty folt by English s.-lici:-™ in u.unuc! in.; lliat part of their clients' 
business which 19 governed by Scotch law, that they have hitherto been 

solves in unknown ricri']uxilic:j. Tin) j-r> si-iit work is designed to remove 
this drawback to (In: intercourse between Etudifh um! Scutch lawyers, and 
enable English solicitors to meet (ill the ordinary ei iir.ueics nf their clients 
bo situated. Tho author goes systematically over all tho branches of tho 
law of both countries— [I, nl I'mj . rly, t'nntr.ir's. M 1 real il lie J. aw, Marriage, 
Succession, Criminal Law, Public uii Procedure, of tho Courts— and 

oiiiitliiiK what is a minion to both cnunlrics, he singles out those parts in 
which tho discrepancies ore sir. II slates the English law as regards those 
parts in tho toit in tho English law languago; and by means of notes, 
which iiin'oi'ily llm cunt rariciieit and qaalilioal inns existing in the Scotch 
law, he exhibits tho differences b, tween the laws of tho two countries in 
almost a tabular form, lie \iU(> adds a Dieti unary of Parallel Terms and 
Phrases, explaining all the. Ir'chnieal terms current in enoli country, by 
tbeir equivalents in the law i.f the other c luntry. Tho work is designed 
not only fur the technical lawyer, but. also supplies a vast body of informa- 
tion to thoso laymen who are mixed up with both countries, whether as 
Landed Proprietors, Manufacturers, Merchants, Politicians, or Law Re- 
formers. 

COKTEHTS: 

Pi«t 1 HEAL PROPERTY, AND RIGHTS INCIDENTAL THERETO. 
r-.nr II. PERSONAL PROPERTY. 

FiKT III. KtX'l ■!■:><[<.'>; Til .'. IHaT.^KTl I'KIWVS VSiAT,'.. 

I'm IV. I'liUsn.SAi. AM) iij.m::miu illla'J I'j_ns. 
Pakv V. PUBLIC LAW. 

PaHT VI, COURTS' .TUklSniCTIOV AM) PROCEDURE. 
P.BT VIL SOME POINTS OF INTERNATIONAL LAW. 
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A DAMSON (Robert). The Cottage Garden. Second edition, 
fcap. 8vo, cloth, limp, 1b. 

ANDERSON (Professor). Elements of Agricultural Chemistry. 
Crown 8vo, price 6s. 6d. 

ANDERSON (Rev. Wm., LL.D., Glasgow). Discourses. Second 

— Regeneration. Second edition, crown 8vo, price 6s. 

ANDERSON (Rev. James). Light in Darkness, or Comfort to 
the Sick and Afflicted, being a series of Meditations and Prayers, and 
portions of Scripture fur IboM visited with bereavement and distrain. 
Second edition, (cap., cloth, antique, red edges, price 5s 

APPERLEY (Chablks). The Horse and the Hound; their 
various Uses and Treatment, including Practical I nstractions in 
Horsemanship and Hunting, &c, 4c. Third edition, with numerous 
Illustrations on Wood and Steel, after drawings by Herring, Aiken, 
and Harrison Weir. Post 8vo, price 10s. 6d. 

BALFOUR (Professor). A Class-Book of Botany : being an 
Introduction to the Study of the Vegetable Kingdom. Iu one large 
vol. demy 8vo, with 1800 Illustrations, 31s. 6d. 

Sold also in Two Parts !— 
Part 1. Structural and Morphological Botany, 10s. Cd. 
Part II. Vegetable Physiology, Classification, Glossary, ire, 21s. 
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BALFOUR (Professor). A Manual of Botany : being an Intro- 
duction to the Study of the Slnu/m. , ['liysu.k^y, and Classification 
or Plants. Crown Sro. pp. 700, with B20 Illustrations, price 12s. fid. 

The Botanist's Companion : or. Directions for the Use of 

tha Microscope, and for the Collection and Preservation of risjila, 
with a Glossary of Botanical Terms. Crown Sro, pries 2s. 6d. 

— Botany and Religion; or, Illustrations of the Works of 

God in the Structure, Functions, Arrangement, and General Distri- 
bution of Plants. Third edition, 200 Wood Engravings, 12mo, cloth, 
price, 6s. 6uV, or cloth, gilt edges, price 7a. 

BAYNE (Petto, AM,) The Christian Life in the Present 

Time. New edition, carefully revised, and with additional Essay 
on the Relation of Mr. Carhle to Christianity, Crown Ova, price 
7s. 6d. 

— — - Essays ; Critical, Biographical, and Miscellaneous. Crown 

8vo, price 7a. 6d. 

BEE8LY (K W., M.A.) A System of History for the Use of 

Students. In preparation. 

BENNETT (Professor). Clinical Loctures on the Principles 

and Practice of Medicine. New edition (the third), pp. 1006, witli 
five hundred Illustrations, prico 30s. 

An Intro tin cti on to Clinical Medicine. Six Lectures on 

the Method of Examining Patients, fie. Third edition, 1D7 Illustra- 
tions, leap. 8vo, price 6s. 

Outlines of Physiology. Numerous Illustrations, fcap. 

8vo, cloth, price Os. 

The Pathology ;l:h1 Trfaitin-tit of 1 'iilnionim' ( 'on sumption. 

Second edition, with 20 large Illustrations, demy 8vo, price 7s. 6d. 

BLACK'S General Atlas of the "World. New edition (1860), 
66 maps, and Index of 60,000 names, &c, folio, half. bound morocco, 
gilt edges, price 60s. 

School Atlas. 40 maps, and Index, 4to or 8vo, price 

10a. Sd. 

— —School Atlas for Beginners. 27 maps, oblong 12mo, 

price 2s. Od. 

Atlas of Australia,, with all the Gold Regions. 6 maps, 

royal 4to, price Os, 
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BLACK'S Atlas of North America. 20 Maps of the various Pro- 
vince Stales, and Countries. By Johs Bartholomew, F.R.G.S. 



With descriptive letterpress, and an Index of 21,000 names. Folio, 
price 16s. 

Guide Books for Tourists in Great Britain and h-diuul, itc- 

t. <i- 

England and Wales 10 6 

Scotland ..86 

Ireland (Dublin, Killamey, Belfast, separately le. fld. each) . 5 0 

Wales 5 0 

North Wales, separately 3 6 

South Wales, separately 3 0 

English Lakes .... .... 5 0 

South of England. In the press. 

Yorkshire (paper cover 2s. fid.) cloth 3 0 

Kent and Sussoic (or separately, Knit Si., >•: ■■::■< Is. fld.) . 3 0 
Derbyshire, Hampshire, Warwickshire, and Gloucester, each 2 0 
Surrey. In tho press. 

Highlands (Anderson's Cuide) . ... . . . 10 6 

The Troaachs, and Argyllshire, each 16 

Argyleshire, Aberdeen, Perthshire, Moffat, Staffs and Iona, 

Skye, and Sutherland, fcap., sewed . . . .10 

Edinburgh, Illustrated 3 0 

cheap edition 16 

Plan of the Town and Environs . . . .16 

Glasgow and West Coast 2 6 



Tourist's and Sportsman's Companion to the Counties of Scot- 
land, post Svo, bound in leather 10 6 

Tourist's Memorial of Scotland, Views of Scottish Scenery, 

Wbcra'sbal! We Go? or Guide to the Watering Places of 

Great Britain and Ireland 16 

Home Tours through Great Britain and Ireland. In the press. 

Travelling Maps, lined with cloth, and bound in portable 

cases— j. d. 

England, 32 by 22 inches 4 6 

Scotland 4 6 

Scotland. Counties, each 10 

England, Scotland, and Ireland (20 by 14J inches), each 2 6 

English Lake District, 10 by 14 inches 2 6 

Horth and South Wales, each 16 

Continent of Europe, railway map 4 6 

■ India, 23 by 17J inches 3 0 
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JiOWDLER (John). The Religion of the Heart, m Exi'inpliliiid 
in the Life mid Writings of John Buwdler, late of Lincoln's inn, 
Barriater-nt-law. Edited by Cjiaiilbs Bowdleb. 12mo. cloth, 

" A number of flrsl-rntc essays on most important themes, such 
as— 'Tie Atonement; • £<m% of Future Putnihrnentr,' • Retifjinn 
and Melancholy,' 'Practical Viea nf the Character of Christ; 
1 Spiritual Minded-tits*; " etc* 

BROMBY (Rot. C. H.) Liturgy and Church History, &c. Ac. 

Fcup., BvO. In the Press. 

BROUGHAM (Lord). Installation Address of the Eight Hon. 

Henry I/ird Bmugliam, Chancellor of the University of Edinburgh , 
with Notes. Fcap , 8vo, price Is. 

BRUCE (James). Travels nnd Adventures in Ahyssinia, New 
edition. Edited hy J. M. Cmsgah, M.A. Vive page illustrations 
and portrait on tinted paper, by C. A. Doyle. Square 12mo, clolb, 
gilt edges, price .is. 

BRYCE (Jahe8, M.A., LL.D., Glasgow). A Treatise on 

Book-keeping by Double Entry, with an Appendix on Single 
Entry. Fcap. 8vo, cloth, price 5s. 

The Arithmetic of Decimals, adapted to a Decimal 

Coinage. Second edition, price Is. Sd_ 

A Treatise on Algebra. Third edition. In the press, 

BUCHAN (A. W., F.E.I.S.) The Advanced Prose and Poetieal 

Reader; being a collection of select specimens in English, with 
Explanatory Notes and Questions on each lesson; to w hlch are ap- 
pended Lists of Prefixes and Affixes, with an Etymob-gical Vocabu- 
lary. 12mo, cloth, price 3a. 
The Poetical Reader, separately, price Is. 3d. 

BURGESS (Rev. Henry, LLD., etc) The Amateur Gar- 
dener's Year Rook, a Guide for those who Cultivate their own 
Gardens on the Principles and Practice of Horticulture. Fcap. Svo, 
cloth, price 3s. 6d. 

CAN DLISH (Rev. Dr.) Life in a Risen Saviour. Being 

Discourses on the Resurrection. Second edition, Crown Svo, price 
7s. Sd. 

CARSON (A. E., LL.D.) Exercises in Attic Greek for the 

use of Schools and Colleges. 12mo, price la. 
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CARSON (A.R., LL.D.) Pkaednis' Fables of -Esop in Latin. 

Xew edition, with Vocabulary, edited by Rev. Win. Veitch, 18mo 
bound, price 2t. 

CHRISTISON (Professor). A Dispensatory. New edition in 
preparation. 

COCKBTJRN (Lord). Memorials of His Time. With portrait 

utter Itaeburn. Demy 8vo, price 7s. Cd. 

COOK'S (Captain) Voyages and Discoveries. Edited by John 

Barrow Esq., F.R.S. Seven page Eloalrations, square lSnw, gilt 
edges, price 7a. 6d. 

CREUZE (A. B.) A Treatise on the Theory and Practice of 

Naval Architecture. 41o, prico 12s. 

CUNNINGHAM (Rev. John, D.D.) The Church History of 
Scotland, from tlie Commencement of the Christian Era to the Present 
Centnry, 2 vols, demy Svo, price 21s. 

DAVIDSON (Rev. Dr.) A Treatise on Biblical Criticism. 

DEMAUS (Rev. Robkkt, MA.) Class Book of English Prose, 

Comprehending Specimens of the most Distinguished Prose Writers 

Explanatory Notes, and Introductory Sketches of the History of 
English Literature. 12mo, cloth, price 4s. 6d. 

Or in Two Parts, price 2s. 6U each. 

Introduction to the History of English Literature. 12mo, 



The Young Scholar's Guide, a Book for the Training of 

DEN IS ON (E. B., M.A., Q.C.) Clocks and Locks. Feap, 

Bvo, price Bs. 6i. 

DONALDSON (James, It A.) latin Reader of Jacobs and 
Classen. With Not™, etc., linio, price 3s. fid. 
Or Codrse I., price Is. 9d. 
Course II., price 2i. 

Modem Greek Grammar, 12ino, price 2s. 

DRESSER (Professor). Popular Manual of liotany without 
tschiuc.il terms, Fcap. 8ro, twelve page Wood Illustrations, price 
3a. 6<l. 

With the Illustrations coloured, price <a. fid. 
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ENCYCLOPEDIA BEIT AN NIC A. 21 vols., 4to (each 

vol. 24s.) Complete ^ :4s.; with Indeit .£25 :12s. 

21 vols, ito, half hound, Russia extra, marbled edges, 

80s. per vol., Complete £31 10s. 

— - Index to Ditto, 4to, price 8s. In the Press. 

FA HEAR (Rev. R W.) Julian Home : A Tale of College 

Life. Foolscap 8vo, second edition, price Is. 

Eric ; or Little by Little ; a Tale of Roslyn School. 

Fourth edition, crown 8to, price 6s. 6d. 

FORRES (Professor ,T. D.) Occasional Papers on the Theory 
of Glaciers, wirii ten Plates and twenty-nine Wood Engravings. 
Demy Svo, price 10s. 6J. 

Reply to Professor TyndftU'fl remarks in his work " On the 

Glaciers of tho Alps." Price Is. 

Norway and its Gliders. Followed by Journals of Excur- 
sions in tbe High Alps of Dauphine", Berne, and Savoy. With two 
Maps, ten Coloured Lithographic Views, and twenty-two Wood 
Engravings. Royal 8vo, pries 21s. 

Tour of .Mont, [Ham: and of Monti 1 Rosa. Illustrated with 

Map of the Pennine Chaia of Alps, fcap. Svo, price 3s. Gd. 

GRAHAM (G. F.) Musical Composition : ita Theory and 

Practice. With numerous Engravings, and copious Musical Illustra- 
tions. 4to, price Os. 

GULLIVER'S Travels to Liliput. Illustrated. Fcap. Svo, gilt 
edges, price la. 6d- 

GUNN (Wm. M., LL.D.) Rudiments of tho Latin Language. 
12mo, price 2s. 

GUTHRIE (Rct. Dr.) Pleas for Ragged Schools. Crown 
8vo. Illustrated cover. Price 2s. Gd. 

The Gospel in Ezekiel. Twenty-fifth thousand. Crown 

Svo, price 7s. 6d. 

Christ and the Inheritance of the Saints. Sixteenth 

thousand. Crown Svo, price 7s. Od. 

The Christian World Unmasked, by Bermdge, Edited hy 

Dr. Guthrie. Fcap. Svo, cloth antique, red edges, price 2s. 6d. 
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GUTHRIE (Rev. Dr.) The Street Preacher, being the Auto- 
biography of Robert Flockhnrt. Edited by Da. Guthrie. Small 
crown 8vo, cloth limp, price 2 a. 

JEFFREY Qiev. Dr.) Voices' from Calvary ; or the Seven 

Last Sayings of Our Dying Lord. Second edition, reap. Svo, cloth 
antique, price 4s. 

JUKES (J. B.) The Students Manual of Geology. Feap. 

8™, with Woodcut Illustrations, price 8s. &i. 
School Manual of Geology. In preparation. 

KELLAND {Professor). Elements of Algebra, for the use of 
Schools and Junior Classes in Colleges. Crown Svo, price 6s. 

KEMP (W. S, M.A.) Exorcises in Latin Syntax, adapted to 

Ruddiman's Rules, with Copious Vocabularies. Part I., Agreement 
and Government. Crown Svo, price 2a. 

KOTO (Dr.) Cyclopa*lia of Biblical Literature. Second 

edidon. 2 vols, medium Svo, 554 Wood Engravings. Several Maps 
and Engravings on Steel, price £3. 

Popular ( 'vdiip.i'ilia i t" lliblical Literature. In one volume, 

Svo, illustrated by B3C Engravings, price 10s. Gd. 

— — History of Palestine ; from the Patriarchal Ago to the 
present time. Numerous Wood Engravings, crown 8vo, price 5s. 

School Edition. 12mo, price 4s.; without Map, 3s. 6d. 

An Account of Palestine. Crown 8vo, cloth plain, price 

2* Co., cloth gilt, price 3s. 

LAMARTIXE (Alphonse db). Mary Stuart With Portrait, 
crown Svo, price 6s. 

LAYCOCK (Professor). Principles and Methods of Medical 
Observation and Research. Crown Svo, price 6s. 

M'CULLOCH (J. R) Principles of Political Economy. 8vo, 

price Ids. 

A Treatise on Metallic and Paper Money and Banks, 

written for the Encyclopedia Britsnnica. 4to, 5s. 

Economical Policy. Second edition, enlarged and im- 
proved, Svo, price 10b. Od. 

On Taxation. 4to, price 3s. 6d, 
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MACAULAY (Lord). Biographies of Attarbury, Bunynn, 
Goldsmith, Johnson, unJ Pitt, contributed to the Encyclopedia 
Britiinnica. Fcup. flvo, price 6s. ; demy 8vo, with Portrait by Maull 
and Polyhlank, price 10a. flfl. 

MAC AULA Y (Dr. Ai.f.xb.) Medical Dictionary, designed for 
popular use ; containing an account uf Dinases and their Treatment, 
including those most frequent in warm climates. New edition, 

M.D, H.E.I.C.S. Demy Bvo, price 10,. fM. 

HANSEL (H. L,, D.C.L.) Metaphysics, or the Philosophy of 

Consciousness. Crown Bvo, pr:ce Bd. 

MASSON (Gustave). Introduction to the History of French 
Literature. I2mo, cloth, 2a. 6d, 

MILLER'S (Hugh) Works, crown 8vo, each 7s. Gd. 
JIi Schools ahd Schooi.masteiib." 

SCENKa ASD LeQEBDI IS rnK SoHTJt OF SCOTLAND. 
FlRET IlIPRKSSIOSS OF EnOLAND AND 1TB PEOrLH. 

Tub Old Rei> Sakiistone. 
Testtmojii or thB Rocks. 
The Chuisr of tub Beth*. 
Sketch Dook ok Fopuur Geoijioy. 

* Cheap edition of tho above, crown 8vo, cloth, liinp, price 



MILLER (Professor). Principles anil Practice of Surgery. 
Numerous Ilitistrations, 2 vols., 8vo, each 165. 

MUNCHAUSEN (Baron). Numerous Illustrations. 18mo, 

gilt edges, price Is. 6d- 

NEILL (Patrick, LL.D.) Tlie Fruit, Flower, and Kitchen 

Gaiden. Profusely Illustrated. Fop. 8vo, price 3*. 6tf. 

NICOL (Professor). Elements of Mineralogy ; containing a 
General Introduction to the Science, with descriptions of the Species. 
Feap. 8vo, price 5s. 

OSWALD (Rev. John). Etymological Dictionary of the 

English Language. Seventh edition, 18mo, bound, 5s. 



Summary of Extinct Animals, and their Geological Relations. 
HI Illustrations, demy Svo, price 16a. 
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8vo, with Frontispiece and Vignette to each vol. .7*0 
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